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THE SH GROUPS IN EXPERIMENTAL DIABETES 


CARLOS MARTINEZ 


(Instituto de Biologia y Medicina Experimental, Costa Rica 4185, 
Buenos Aires, Republica Argentina) 


ANY facts show that free SH groups play a part in carbohydrate 

metabolism, In a recent publication Houssay (17) reviews the 
main work done on this subject. The following are the oustanding facts, 
which correlate SH groups with the onset, prevention or treatment of 
certain types of experimental diabetes, such as that provoked by alloxan 
or pancreatectomy; 1) alloxan has special affinities for the SH groups 
in tissues, and oxidises or combines with them; 2) alloxan provokes 
diabetes causing destructive lesions selectively in the beta cells of the 
pancreatic islets; 3) alloxan injections are rapidly followed by a decrea-- 
se in blood and tissue SH; 4) the administration of substances with SH 
groups (glutathione, cysteine, etc.) immediately before the injection of 
alloxan prevents the diabetogenic effect of this drug, neutralizing it in 
the blood before it is taken up by the tissues; 5) treatment with certain 
drugs, such as thiouracil, or thyroidectomy causes an increase in free SH 
in the tissues; 6) these drugs or thyroidectomy markedly increase re- 
sistance to the toxic and diabetogenic effect of alloxan; 7) they also 
delay the onset of diabetes after subtotal pancreatectomy in the rat, and 
decrease its frequency; 8) sensitiveness to alloxan is increased by con- 
ditions in which free SH in tissues diminishes, e.g., fasting and low 
protein diet; 9) alloxan reacts readily with the free SH groups in the 
tissues and inhibits many enzyme systems which need free SH for their 
activity. This together with the observation that alloxan provokes 
usually irreversible lesions in the beta cells of the pancreatic islets has 
led to the belief that these cells need SH groups in order to maintain 
their normality and exert their: specific function in the elaboration of 
insulin. 

These facts and others clearly show the relation between sulphur 
containing substances and carbohydrate metabolism. There are, howe- 
ver, other mechanisms, (e.g. estrogen, high fat diet) which modify the 
course of diabetes without changing the SH in tissues. 

In our experiments, the following points have been studied; 1) 
changes of SH in blood and tissues in experimental diabetes due to allo- 
xan administration or pancreatectomy in rats and toads (Bufo arena- 


| 
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rum, Hensel); 2) the influence on alloxan and pancreatic diabetes of 
treatment with sulphur containing substances which produce an increa- 
se in the SH content of tissues; 3) the influence on diabetes of procedu- 
res or treatments which produce a decrease in the SH content; 4) the 
influence of sex and other endocrine factors on the SH content of tissues 
and on diabetes. 


METHODS 


The free SH groups of tissues were determined by the method of 
Fujita and Numata (1%) adapted to the Klett— Summerson photoelec- 
tric colorimenter. The extraction was carried out with 2% metaphos- 
phoric acid solution. The results are expressed as glutathione (East- 
man Kodak Co.) in mg per 100 g of fresh tissue (7°). 

Alloxan diabetes was provoked by the injection of this substance in 
varying doses and by different routes (see tables). Pancreatic diabetes 
was obtained by subtotal or total resection of pancreatic tissue using 
the technic described by Foglia (*: 1°). 


RESULTS 


A). The SH content in blood and tissues in experimental diabetes in rats. 


1) Alloxanic and pancreatic diabetes. — Table I shows the varia- 
tions in the free SH groups in blood, liver, kidney and skeletal muscle 
following a single intravenous dose of alloxan, 

Six minutes after giving alloxan, there was a definite decrease in 
the SH content mainly in blood and in skeletal muscle. This fall was 
only temporary; 24 hours after alloxan administration SH had returned 
to the pre-injection level. 

After 48 hours, with severe diabetes (blood sugar between 180 to 
300 mg per 100 ml) the free SH content of the llver and kidney was very 
low and persisted at this level for as long as 12 days after the alloxan 
injection. 

Table I also shows the values of the free SH groups obtained in 
diabetic rats due to subtotal and total pancreatectomy. In the former, 
3 months after operation, a decrease in the SH content was found in 
blood only. In the latter, with severe diabetes the decrease in the SH 
content took place not only in blood but also in the liver and kidney (25). 


2) SH in experimental diabetes of the toad (Bufo arenarum Hen- 
sel). —- Determination of free SH groups were made in toads under the 
following conditions: a) normal; b) hypophysectomized; c) pancreatec- 
tomized; d) hypophysectomized-pancreatectomized and e) hypophysec- 
tomized-pancreatectomized injected with “pars distalis”. 

The only variation which was always found was a decrease in free 
SH in the blood and kidneys in pancreatectomized toads, with or without 
hypophysis and with or without injection of “pars distalis” (table II). 
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TABLE I 


Free SH content expressed as glutathion in mg per 100 g in blood \and tissues in rats 
submitted to the following conditions: 1) controls; 2) treated with alloxan 
(60 mk/kg, intravenously ). 


| | lers 
Blood «| Liver Kidney | «| Muscle 
Treatment (mean) S.S. (mean) Ss. Ss. (mean) S. | 
Controls 23 — | 166 — 58 — | 1 a | 
6 minutes 
after alloxan 12 6 138 2.1 48 0.9 9 3.5 
30 minutes 
after alloxan 15 3 | 155 0.7 72 3.0 10 3.5 
2 hours 
after alloxan 14 3.6 — 15 
24 hours | 
after alloxan 25 162 113 7 18 
48 hours 
19 days 
Subtotall 
15 | 47 | 161 05 | 56 joa | — | — 
24 to 48 hours after 
total pancreatectomy 15 5.0 137 | 4.1 49 | 2.0 a | 


Average; — Averages 


* Statistical significance according to the formula 


V (oAvi)? + (oAve)? 
** Blood sugars ranging between 150 to 280 mg per 100 ml. 


B) Prevention of alloxanic diabetes. 


1) Thiouracil and thiouracil related compounds. — Since thyroidectomy 
in the rat prevents the development of diabetes due to subsequent sub- 
total pancreatectomy, and increases the resistance to the diabetogenic and 
toxic action of alloxan (18. 19. 26, 33,35) jt seemed interesting to find out 
if treatment with thiouracil and thiouracil related compounds had the 
same effect. 

These substances were administered by mouth in different doses and 
during a certain number of days before the alloxan injection. Sensiti- 
veness to different doses of alloxan injected intravenously was studied 
and compared with the results obtained in controls and in rats thyroidec- 
tomized 20 days before (18-35. 24.17), Hyperglycemia and typical islet le- 
sions were seen in rats dying after alloxan administration. 

Table III shows the results obtained. Thiouracil given by mouth in a 
dose of 200 mg/kg, 2% to 24 hours before the alloxan did not counteract 
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TABLE II 


Free SH content in blood and tissues expressed as glutathion in mg/100 g in toads 

submitted to the following conditions: 1) controls; 2) pancreatectomized; 3) hypophy- 

sectomized; 4) hypophysectomized-pancreatectomized; 5) hypophysectomized-pancrea- 
tectomized injected with “pars distalis’. 


Number of | Blood Kidney | 
Treatment | S.S. *; S.S.*| mg per 
toads (mean) (mean) 100 mi 
| | 
Controls I 15 30 — | 44 — | 37 
Pancreatectomized 15 17 4.8 33 2.3 179 
Hypophysectomized 9 24 — 40 — 45 
Hypophysectomized- | | 
pancreatectomized 10 12 63 | 81 2.5 65 
Hypophysectomized- 
pancreatectomized 
injected with 
“pars distalis 9 15 42 | 32 | 2.0 136 


Average; — Averages 
* Statistical significance according to the formula 


V (oAvi)? + (cAvz)? 


its toxic and diabetogenic effect. In these experiments the amount of 
thiouracil absorber was not measured. Treatment during 12 and 30 days 
produced a marked resistance to alloxan, even more intense than that 
produced by simple thyroidectomy. Moreover thyroidectomized rats 
were more sensitive than thyroidectomized rats treated with thiouracil. 
This might be evidence that thiouracil acts not only by its antithyroid 
effect but by an aditional mechanism. 

Treatment with thiouracil derivatives also protected against alloxan 
(table III}. The most active were: 6-cyclo-propyl-2-thiouracil, 5-methyl- 
2-thiouracil, 6-methyl-2-thiouracil and 5-ethy]-2-thiouracil (**). 

Propyl-thiouracil in a dose of 300 mg/kg/per day, during 20 days by 
mouth had a definite preventive effect against alloxan injected intrape- 
ritoneally in a dose of 220 mg/kg. 

The following substances failed to protect: 4,5-dihydro-2-thiouracil, 
thiourea (1824), and some others pyrimidin related compounds such as 
uracil, dihydrouracil, uramil, 2,4-Dimercaptopyrimidine and 5-sthyldia- 
luric acid (7°). 


2) Action of other sulphur compounds. — Tables IV and V show 
the results obtained in the prevention of alloxan diabetes by treatment 
with the following substances: 
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TABLE III 


Protective action against intravenous injection of alloxan (60 mg/kg) in normal and 
thyroidectomized rats treated with thiouracil and other thiouracil derivatives *. 


SORT 


Time of 
Alloxan > 
Treatment administration dose Treated Controls 
meg/k um- um- 
| days) (mg/kg) | % | ber | % 
| | 50 0/10 | 0 6/10 60 
75 4/10} 40 | 10/10; 100 
| 80 | 7/19| 37 | 10/10| 100 
100 10/10) 100 10/10 100 
| 
Chiouracil 200 12 50 2/10 20 6/10 60 
75 6/10 60 10/10 | 100 
| 
Thiouracil 200 30 100 0/10 0 10/10! 100 
125 3/9 338 9/9 100 
[hyroidectomized | 
treated with | 
thiouracil 20 |2/11 18 | 7/7 100 
$—Cyclo propyl-2- | | | 
thiouracil 200 20 50 2/7 29 | 8/8 | 100 
$-Methyl-2- | 
thiouracil 
(thiotimine) 200 20 50 2/9 22 | 7/10! 70 
—-Methyl-2- | 
thiouracil 170 20 50 4/8 50 8/8 | 100 
5-Ethyl-2- 
4,5-Dihydro-2- 240 20 50 4/8 50 | 8/8 | 100 
thiouracil 
thiouracil 150 20 50 6/7 86 8/8 100 
Thiourea 150 12 50 6/10 | 60 6/10 | 60 


* Propyl thiouraci] (300 mg/kg/day), during 20 days by mouth, had a definite 
preventive effect against alloxan injected intraperitoneally in a dose of 220 mg/kg. 


a) Methionine, b) B.A.L. (2,3-Dimercaptopropanol) (24), c) 4-mer- 
capto-2-methylquinazoline, d) 5-Isopropylidene-2,4-dithio hydantoine 
and e) cysteine (**). 

Methionine given by intravenous injection had a slight protective 
action against alloxan injected 1 minute later in doses of' 50, 75 and 100 
mg/kg, but failed to protect against 100 mg/kg injected 5 to 10 minu- 
tes later (table IV). 

B.A.L. showed a definite protection when injected 30 minutes be- 
fore alloxan; injected 24 hours before, the protection obtained was slight. 
Daily intraperitoneal injections of cysteine during 20 days produced a 
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TABLE IV 


Preventive action against the intravenous injection of alloxan in white rats treated 
with the following compounds: 1) Methionine; 2) B. A. L. (2,3—Dimercapto 
propanol); 3) Cysteine. 


Route of |_MORTALITY (%) _ 


Treatment adminis- | adminis-| Alloxan| Alloxan 
tration tration (50 mg/kg|75 mg/kg| 100 mg/kg 
Controls ........ | ~ — — | 60 100 100 
Methionine ...... | Lv. 200 min. | 40 60 80 
Methionine ...... | Lv. 200 Smin.| — | we 
Methionine ...... | Iv. 200 10 min. | oie — | 100 
Methionine ..... 7 LP. 200 12 days | 25 75 | 100 
Methionine ...... 200 30days| 100 100 | 100 
| LP. 15 min. | — 
| LP. 15 | 24hours} 0 
Cysteine 400 20 days | 10 — | 


* I. V.: Intravenous; I. P.: Intraperitoneal. 


TABLE V 


Sensitiveness to alloxan in male rats treated during 20 days with sulphur 
containing substances. 


| | 
Number | Alloxan (,.. Body weight 
Compound | mg/kg Dest | g (mean) 


| 


|Initial| Final 


| 40 | 40 78 49 130 | 168 
4—mercapto—2-methyl | 

quinazoline ......... Oi - 40 | 65 | 10 99 | 134 
5-Isopropylidene—2,4— 

dithiohydantoine ..... 40 39 | 11 | 102| 187 


* Intravenous. 


— 
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definite protection against 50 mg/kg of alloxan (table IV). Protection 
was also obtained by previous treatment with 5-Isopropylidine-2,4- 
dithiohydantoine. Treatment with 4-mercapto-2-methyquinazoline gave 
very slight protection (table V). 

The treatment with the following substances failed to prevent the 
effect of alloxan: sodium thioglycocolate (170 mg/kg/day during 30 
days by mouth); sodium thiosulphate (50 mg/kg/day, during 12 days, 
intraperitoneally) ; cysteine (300 mg/kg/day, during 20 days, by mouth) ; 
Sulphanilamide (250 mg/kg/day, during 20 days, by mouth) ; 2-sulpha- 
nilamide-5-cyclopropyl-1,3,4-thiodiazol (200 mg/rat/day, during 20 
days by mouth); 2,2’-decamethylen bis (2-thiopseudourea) dihydrobro- 
mide (22 mg/rat/day during 20 days by mouth) ; 1,10-decamethylen bis 
thiourea (25 mg/rat/day, during 20 days) ; 5,5’-octamethylen bis (2-ami- 
no-1,3,4-thiodiazole) (18 mg/rat/day, during 20 days by mouth) ; N,N,’- 
(1,1’-hexamethylen bis-2-mercapto imidazole) (24 mg/rat/day during 
20 days, by mouth); 1,4-dimercaptophtalazine (28 mg/rat/day, during 
20 days, by mouth) ; 5-ethyldialuric acid (36 mg/rat/day, during 20 days, 
by mouth); and 2,4-dimercapto pyrimidine (14 mg/rat/day, during 20 
days, by mouth). 

It may be concluded that the administration during 20 to 30 days 
of thiouracil or related compounds clearly prevented the diabetogenic and 
toxic action of alloxan. Other sulphur containing substances were also 


TABLE VI 


Incidence of diabetes in white castrated and subtotally depancreatized female rats 
treated with propyl thiouracil. 


DIABETIC DIABETIC 
Dese after 3 months 3 months after 
Treatment mg/rat/day| treatment 
by mouth | 
Number | % Number % 
| 
90% 11/16 68 15/16 94 
Propyl thiouracil ... 24 5/16 | 31 16/16 | 109 
| 
TABLE VII 


Incidence of diabetes in subtotally depancreatized white male rats treated with 
methionine (300 mg/kg /intraperitoneally ) 


Time from CONTROLS TREATED 
operation, Diabetes Diabetes 
in days Number % Number | % 
19 0/5 0 5/8 | 63 
35 2/5 40 7/8 88 
4/5 7/8 88 


65 


1 1 
| 


SBM , 


| gg | LZ IL/& oot 9g 91/6 9T/9T | Ost 
| 9& IL/¥ | Lo oot | og 91/8 9T/9T | Ost 
| 6 gg | 11/9 0 16 | 91/9 9T/9T | 
0 11/0 es | 11/9 | 0 11/0 ss | | 91/8 oor | | +06 
0 IT/0 Sv | 0 TT/0 cv 0 | 91/0 | v6 91/ST | 09 
| 0 8st | | 0 0 | 91/0 | £9 | 
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effective specially cysteine, 5-Isopropylidene-2,4-dithiohydantoine and 
4-mercapto-2-methylquinazoline, the latter having only a slight effect. 
Methionine slightly protected when injected 1 minute before alloxan. The 
protection observed with B.A.L. was greater when injected 30 minutes 
before alloxan than when injected 24 hours before. 


C) Prevention of diabetes due to partial pancreatectomy. 


1) Thiouracil and thiouracil related compounds, — The substances 
used were: thiouracil, 5-methyl-2-thiouracil (thictimine) (*7) and pro- 
pyl thiouracil (46). Male white rats were used in the groups treated 
with thiouracil or thiotimine, and castrated female white rats in the 
group treated with propyl-thiouracil. All of them were subtotally pan- 
createctomized (ablation of approximately 95 % of the pancreas) and 
treatment begun 7 days after the operation. 


Figure 1 shows that in subtotally pancreatectomized rats treated with 
thiouracil, diabetes appeared later than in the non-treated controls. The 
total incidence of diabetes in the thiouracil group was lower than in the 
contro] group. 


Treatment with 5-methyl-2-thiouracil (thiotimine) (figure 2) or 
with propyl-thiouracil (table VI) also prevented the development of 
diabetes in a large number of rats. However in the propyl thiouracil 
group the prevention of diabetes was obtained only during the administra- 
tion of the drug, Three months after discontinuance of treatment diabetes 
appeared as in the controls. 


TABLE IX 


Incidence of diabetes due to subtotal pancreatectomy in male white rats treated with 
sulphur containing substances. 


D na 30 days | 60 days 


Treatment mg/kg/day | of rats Ite 


— | 14 36 | (0 100 | 
2,2’-Decamethylen bis 


(2-thiopseudourea) 


dihydrobromide ........... ae. 13 31 7 83 14 
| | 
5,5’—Octamethylen bis 
(2—amino-1,3,4-thiodiazol) .. 18 12 33 14 92 14 


N,N’ (1,1’-Hexamethylen bis 
(2—mercapto imidazole) 24 


1,10—-Decamethylen bis | | | 


| 
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2) Action of other sulphur containing substances, — In the expe- 
riments the incidence of diabetes due to tubtotal pancreatectomy was stu- 
died in white male rats treated with the following substances: a) B.A.L. 
(2,3-Dimercaptopropanol) (50 mg/kg/day, intraperitoneally); b) cys- 
teine (400 mg/kg/day, intraperitoneally) ; c) methionine (300 mg/kg/ 
day, intraperitoneally) (77); d) 4-mercapto-2-methyl quinazoline (48 
mg/rat/day, by mouth); e) 5-Isopropylidene-2, 4-dithiohydantoine (22 
mg/rat/day, by mouth) ; f) 2,2’-decamethylen bis (2-thiopseudourea) dihy- 
drobromide (28 mg/rat/day, by mouth); 5,5’-octamethylen bis (2-ami- 


1 
controls 
a “treated 
9 25 otreated 


monfnhs 60 
Fic. 1.—Jncidence of diabetes due to Fic. 2.—Ineidence of diabetes due to 
subtotal pancreatectomy in white ma- subtotal pancreactectomy, in white 
le rats treated with thiouracil (200 male rats treated with 5-methyl-2- 
mg/kg by mouth). P = subtotal pan- thiouracil (thiotimine) in doses of 
createctomy. (x) = dose of thiouracil 200 mg/kg/day by mouth. P = sub- 


was increased to 400 mg kg /day. total pancreatectomy. 


no-1,3,4-thiodiazole) (18 mg/rat/day, by mouth); h) 1,10-decamethylen 
bis thiourea (25 mg/rat/day by mouth) ; i) N,N’ (1, 1’-hexamethylen bis 
(2-mercaptoimidazole) (24 mg/rat/day by mouth) (2°). 


Results given in fig. 3 and tables VII, VIII and IX show that only treat- 
ment with cysteine, 4-mercapto-2-methylquinazoline and 5-Isopropylidene-2, 
4-dithiohydantoine had a definite preventive action. The protection due 
to the treatment with 4-mercapto-2-methy] quinazoline and 5-Isopropyli- 
dene-2,4-dithiohydantoine was maintained only while the drug was being 
given but not after it was discontinued. As will be seen in the following 
pages, estrogens exerted a protective action even 3 months after treatment 
had been discontinued, 


D) Treatment of diabetes provoked by alloxan or subtotal pancreatectomy. 


1) Action of thiouracil and of cysteine on alloxan diabetic rats. — 
Rats made diabetic (blood sugar ranging between 200 and 250 mg per 


100 
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TABLE X 


Effect of treatment of alloxan diabetic rats with either thiouracil (200 mg/kg/day 
by mouth) or cisteine (400 mg/kg/intraperitoneally ) 


Time from | TREATED CONTROLS 
alloxan injec- Diabetic Mortality Diabetic | Mortality 
tion, in days Number Number Number | Number 


THIOURACIL 


16* 9/9 0/9 7/7 0/7 
26 6/9 1/9 7/7 2/7 
34 5/9 1/9 7/7 2/7 
39 4/9 2/9 | 7/7 2/7 
CYSTEINE 
18* 11/11 0/11 11/11 | 0/11 
26 8/11 0/11 10/11 1/11 
39 10/11 0/11 10/11 ae 
49 10/11 0/11 11/11 ee 


(*) Initiation of tresiment. 


TABLE XI 


Effect of treatment of pancreatic diabetes of short and long standing in rats, with 
thiouracil (200 mg/kg/day) 


Time from | CONTROLS | THIOURACIL TREATED | 
operation Diahetic Diabetic 
in days | Number % Number % 

SHORT STANDING 
44* 6/8 75 8/10 | 80 
53 7/8 88 5/10 50 
61 | 8/8 100 6/10 60 
72 8/8 100 4/10 40 
94 8/8 100 5/9 56 
LONG STANDING | 
120* | 18/18 100 
135 | 13/17 78 
155 | 15/16 94 
215 — — | 12/12 100 


* Initiation of treatment. 
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100 ml) by a single intraperitoneal dose of alloxan (200 mg/kg) were 
used. After some days of treatment with thiouracil a remission of hyper- 
glycemia was obtained in the majority of the rats. Treatment with cysteine 
(400 mg/kg/day intraperitoneally) produced only in a few cases a slight 
and brief improvement of the hyperglycemia (4) (see table X). 


100F 
75 4 
x 
250r 
“controls 
o---ob.a. 
J e---ecySleine 


Fic, 3.— Incidence of diabetes due to subtotal pancreatectomy in male white rats 
treated with either B.A.L. or cysteine. P = subtotal pancreatectomy. 


2) Action of thiowracil on diabetic rats due to partial pancreatecto- 
my. — Rats made diabetic by subtotal pancreatectomy (blood sugars 
higher than 150 mg per 100 ml) were treated with thiouracil, begining 
44 days after the operation. The results are shown on table XI. In rats 
with mild diabetes thiouraci] had a favourable effect. The number of 
diabetic animals was gradually reduced as long as thiouracil treatment 
was maintained. 

However, when the diabetes had developed later (4 months after 
pancreatectomy) treatment with thiouracil produced only a slight and 
brief improvement (27). 


3) Action of propyl-thiouracil on rats made diabetic by total pancrea- 
tectomy. — A group of 7 white male rats weighing between 150 to 220 g 
were totally depancreatized following the technic described by Foglia (*°). 

The rats were maintained with insulin given daily in doses ranging 
between 1/64 of a unit and 1 unit and forcibly fed by stomach tube 
with the following fluid diet: 


Salt Mixture (Mac Collum-Davis N° 185) 40¢g 


Ss 
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TABLE XII 


Free SH content in mg/100 g in the liver and kidney of rats submitted to the follo- 

wing conditions: 1) Controls; 2) Thyroidectomized; 3) Subtotally pancreatectomized 

treated with sulphur containing substances; 4) Treated with thyroid powder during 
20 days (0.020 g/rat/day) 


‘Number | Liver Kidne 
y 
Treatment | ef rats | (mean) S. S. (mean) Ss. S. 
Thyroid powder (20 days) .... 8 115 10.8 52 1.9 
Tyroidectomized (20 days after | 
19 | 243 6.8 75 2.6 
Thiouracil (200 mg/kg/30 days).| 12 | 278 4.9 97 10.2 
Thyroidectomized treated with 
thiouracil (200 mg/kg/20days) .| 7 | 834 14.3 141 10.3 
6-cyclo propyl-2-thiouracil (200 
map 7 364 10.4 102 5.4 | 
Thiotimine (200/mg/kg/20 days) — 108 | 
Thiouracil (20 days before allo- | 
xan, 80 mg/kg/intravenously) .| 7 124 | 20 52 — | 
Cysteine (400 mg/kg/intraperito- | | 
neally during 20 days) ....... 9 220 | 41 95 6.9 | 
Methionine (300 mg/kg/intraperi-| | | | 
toneally during 20 days) ..... 5 | 17 | — 57 a 
Subtotally pancreatecto mized, 
treated with thiouracil (200 mg/| 
| | 


* S. S. Statistical significance according to the formula Average: — Averages 


(Avi)? + Ava)3 
TABLE XIII 


Free SH content (in mg per 100 g) expressed as glutathion in male white rats treated 
during 12 days with the following compounds: 1) 4-mercapto-2-methyl quinazoline (48 
mg/rat/day); 2) 5-Isopropylidene-2,4-dithiohydantoine (22 mg /rat/day) 


| Number Blood «| Liver » | Kidney ms 
Treatment of rats | (mean) S. S. | (mean) S. S. (mean) S. S. 
Comivele 167 | — 60 
4-mercapto-2-me- 
tyl quinazoline ..| 10 34 25 | 211 | 27 88 | 32 
5-Isopropylidene- | 
2,4-dithiohydan- | 
10 27 — | 224 3.8 70 1.25 


Average; — Averages 


* S. S. Statistical significance according to the formula 


V Avi)? + (6 Av2)5 
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Rats were fed twice daily between 8 and 8.30 a.m. and between 5.30 
and 6 p.m. receiving a total amount of 24 ml of food daily. 


Treatment with propyl] thiouracil (48 mg/rat/day by mouth) was 
begun when an almost constant level of glycosuria was obtained. The 
amount of insulin which gave this result was injected twice daily troughout 
the xperiment just before each meal. Treatment with propy] thiouracil cau- 
sed a marked remission of glycosuria reaching the 0 level in a few days, 
without loss of body weight. After treatment was discontinued glycosu- 
ria reappeared slowly. When propy! thiouracil was again given, glyco- 
suria decreased but only temporarily. 


E) Jnerease in the free SH content in tissues due to treatment with 
thiouwracil, cysteine and other sulphur containing substances. 


It seemed interesting to see if treatment with substances which had 
a preventive action on diabetes, due to either alloxan or pancreatectomy, 
produced any modification in the free SH content of the tissues. The 
SH content was determined in rats in the following conditions: a) nor- 
mal; b) thyroidectomized; c) treated with thiouracil; d) thyroidectomi- 
zed and treated with thiouracil; e) treated with 6-cyclo propyl-2-thioura- 
cil; f) treated with 5-methyl-2-thiouracil (thiotimine); g) treated with 
thiouracil and then injected with alloxan) ; h) subtotaly pancreatectomized 
diabetic rats treated with thiouracil) ; i) treated with methionine; j) with 
cysteine; k) with 4-mercapto-2-methylquinazoline and; 1) with 5-Isopro- 
pilidene-2,4-dithiohydantoine. 


The results are shown on tables XII and XIII. There was a definite 
increase in the free SH content in the liver and kidney in rats treated 
with thiouracil, 6-cyclo-propyl-2-thiouracil, 5-methyl-2-thiouracil, cystei- 
ne and in thyroidectomized animals (**). 


In the group of rats treated with thiouracil and then injected with 
alloxan, the SH content in the liver was slightly lower than in the controls. 
In those partially depancreatized diabetic rats which showed some im- 
provement with the thiouracil treatment, the SH content in both liver 
and kidney was higher than in the group of non-treated diabetic rats 
(25) (see table I). Finally treatment with 4-mercapto-2-methyl quina- 
zoline and with 5-Isopropylidene-2,4-dithiohydantoine (7°) (table XIII) 
caused in the first group an increase in the SH content in blood, liver 
and kidney. In the second group a definite increase was obtained oniy 
in the liver. 


F) Influence of acute hypoxia on alloxan diabetes in the rat and on SH 
content in blood an tissues. 


1) Sensitiveness to alloxan, — Rats of 120 to 160 g body weight 
were submited during two hours to a pressure of 200 mm of Hg. After 


t 
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TABLE XIV 


Diabetogenic action of allcxan injected intravenously in rats immediately and 24 
hours after 2 hours decompression at 200 mm of Hg. 


| CONTROLS | HYPOXIA 
Alloxan dose 
(mg/kg) Diabetic Diabetic 
Number Number 


Immediately after hypoxia 


30 0/6 | 0/6 

40 6/5 | 0/8 | 
45 5/8 | 3/8 | 
50 9/9 4/8 


24 hours after hypoxia 
40 8/18 | 13/18 


TABLE XV 


Free SH content (in mg per 100 g) expressed as glutathion in blood, liver and kidney 
of white male rats submitted during 2 hours to a decompression at 200 mm of Hg. 


| | | 
Blood Liver | Kidney 
Treatment (mean) | Ss. S. * | (mean) | Ss. S. (mean) Ss. S. 
28 | | 183 | 85 | _ 
Immediately after hypoxia | 33 2.5 | 200 1.3 | 77 1.1 
24 hours after hypoxia ...| 25 | 1.7 | 212 2.23 | 99 1.4 


Average; — Averages 


* S. S. Statistical significance according to the formula 


V (o Avi)? + (6 Av2)3 
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the period of decompression they were divided in two groups. One was 
injected intravenously with alloxan (doses of 30, 40, 45 and 50 mg/kg). 
The other was injected with alloxan (40 mg/kg) 24 hours after the 
period of decompression. The results are shown in table XIV. It seems 
that the rats injected immediately after decompression had a higher 
resistance to alloxan than the untreated controls. Inversely when alloxan 
was injected 24 hours later a slight increase in sensitiveness to alloxan 
was observed (39), 


2) SH in blood and tissues. — The determination of the SH content 
in blood, liver and kidney showed a slight increase in the blood imme- 
diately after decompression, and in the liver of the group which the de- 
termination was made 24 hours later (**) (Table XV). 


G) Factors producing a decrease in the SH content of tisswes and 
their influence on diabetes. 


It was considered of interest to study the influence on diabetes of 
some factors which produce a deérease in the SH content. Studies were 
carried out on the effect of experimental hyperthyroidism, of feeding a 
high fat diet and acute chloroform poisoning. There are other factors 
which may cause a decrease in the SH content (fasting, feeding a low 
protein diet) and also increase the sensitiveness to alloxan (?': 27). 


1) Experimental hyperthyroidism. — It is known that daily admi- 
nistration of thyroid powder (20 mg/100 g) to rats during 20 days 
produces a definite increase in sensitiveness to alloxan injected intra- 
peritoneally (**) or intravenously (**). However, if thyroid treatment 
was prolonged for more than 60 days, a decrease in the sensitiveness to 
alloxan was observed (36 18), 


In diabetes provoked by subtotal pancreatectomy thyroid treatment 
produced: 1) an acceleration of the onset of diabetes during the first 15 
days of treatment and then the gradual disappearance of the disease (26:18), 

A group of white males rats was treated with thyroid powder in doses 
of 200 mg/kg/day during 20 days. At the and of this period they were 
killed and the SH content in the liver and kidney was determined. The 
results tabulated in table XII show that there is a marked decrease in the 
SH content of the liver of treated rats compared with the results obtained 
in the controls. The decrease obtained in the kidney had no statistical 
significance. 


2) Influence of feeding a high fat diet. — The effect of diet on 
alloxan and pancreatic diabetes has been studied previously (21). The 
results were: 19) Rats fed with a high pork or beef fat diet (34 %) during 
one month showed increased sentiveness to the toxic and diabetogenic 
effects of alloxan in comparison with rats fed a high carbohydrate diet. 
2°) The unfavourable effect of these high fat diets could be corrected by 
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treatment with thiouracil (200 mg/kg/day). 3°) Rats fed with a high 
coconut oil diet (34%) showed an increased resistance to alloxan. 4°) 
Increased incidence of diabetes was observed in partially pancreatectomized 
rats when fed a high pork fat diet. 

In the following experiment the incidence of diabetes was studied in 
partially depancreatized rats when fed with either a high pork fat or 
coconut oil diet and treated with either methionine or thiouracil (2*).The 
composition of the diets used is shown in table XVI. 

Rats fed with a high pork fat diet were divided into three groups: 
a) one was treated with methionine (300 mg/kg/day, intraperitoneally) ; 
b) a second one was treated with thiouracil (200 mg/kg/day, by mouth) 
and. c) the third one remained as non treated controls. 


centrois 


diabetic % 


‘ 


oo / treated 
‘ 


0 30 60 90 
days 
Fic, 4. — Incidence of diabetes dug to subtotal pancreatectomy in male white rats 
treated with chloroform (0.02 cm3) per rat and per day by mouth. P = subtotal 
pancreatectomy. (x) = treatment was discontinued. 


Fig. 4 shows the incidence of diabetes observed during the experiment. 

The results were: 1) Feeding of a high pork fat diet had an infa- 
vourable effect, since both the incidence and severity of diabetes was 
higher than in the group of rats on a high carbohydrate diet; these 
results confirm previous work (21); 2) Feeding a high coconut oil diet 
seemed to protect some rats (there were only 7 diabetic rats out of 11, 
90 days after pancreatectomy) ; 3) The unfavourable effect of the pork 
fat diet was corrected by the thiouracil treatment (7 diabetics out of 14 
rats); 4) Neither the addition of 10 % coconut oil to the high pork fat 
diet, nor methionine treatment corrected the unfavourable effect of 
this diet. 

Table XVII shows the results of the determinations of the free SH 
content in the liver and kidney of rats when fed the above mentioned diets. 

It will be seen that feeeding a high pork fat diet did not produce 
sustained changes in the free SH content in the liver or in the kidney. 
A high coconut oil diet produce a slight increase in free SH content in 


| 
? 
| p 
| 
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TABLE XVI 
Constitution of the diets used 
High High High High pork 
Constituents Carbohy- Coco-nut and coco-nut 
drate oil Pork-fat | oil 
Wheat flour .......... 35 10 10 | 9 
34 25 25 | 20 
5 5 5 5 
Cod liver oi] ........é. 5 5 5 
Salt mixture 
McCollum-Davis N® 185 1 1 1 1 
— 34 — 10 
Amount of water added . 50 25 50 30 
TABLE XVII 


Free SH content in mg per 100 g expressed as glutathion, in the liver and kidney 


of rats fed with different diets 


Diet 


High coco-nut oil ........ 


High pork fat and thiouracil| 
(200 mg/kg/day by 


Time du- | 
ring 

which Liver Ss. s.* Kidney 
rats diet was} (mean) | ~~ (mean) | ~~ 

fed, in 

days | 

| 15 166 58 
so | 174 1.0 54 
9 30 | 191 2.1 68 1.0 
8 30 | 221 4.2 60 — 


* S. S. Statistical significance according to the formula 


Average; — Averages 


V (Avi)? + (o Av2)3 


| 
| 
~ | 
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TABLE XVIII 


Number of diabetic white rats submitted to the following conditions: 1) treated with 

chloroform (0.01 em3) two consecutive days and with alloxan(150 mg/kg /intraperi- 

toneally); 2) treated with alloxan (150 mg/kg intraperitoneally); 3) treated with 
chloroform (0.01 em*) two consecutive days. 


| DIABETIC 


Group Chloroform | Alloxan 48 hours 5to7 days 
_ Number % | Number | % 
1 yes no | 18/16 81 10/16 | 63 
2 | no | ys | 3/16| 19 16 | 6 
| | 
3 yes | no | 0/8 0 0/8 | 
TABLE XIX 


Incidence of diabetes due to subtotal pancreatectomy in male white rats treated with 
chloroform (0.02 cm3) per rat and per day by mouth. 


UNTREATED TREATED 
Time from ope- Diabetic Mortality Diabetic Mortality 
‘ation, in days 
Number % \|Number | % |Number | % Number % 
| 
30 5/14 36/0/14 | o | o14 | | | 
| 
60* 14/14 100 | 0/14 0 0/14 | O 5/14 36 
$0 14/14 | 100 | 0/14 fee 7/8 | 88 6/14 43 
* Treatment was discontinued. 
TABLE XX 


Incidence of diabetes due to subtotal pancreatectomy in castrated female white rats 

submitted to the following conditions: 1) treated with estradiol benzoate 15 yg/' 

rat/day); 2) treated with propyl thiouracil (24 mg/rat/day); 3) treated with propyl 
thiouracil (24 mg/rat/day) plus estradiol benzoate (15 yg/rat /day). 


| 18 f 
90 days of treatment 0 days 
Treatment 
Diabetic Diabetic 
Number | % | Number | % 
| 
Estradiol benzoate ........ 10/17 58 11/17 64 
Propyl thiouracil ......... 5/16 31 | 16/16 100 
Propyl thiouracil plus estra- | 
diol benzoate .......... 3/16 17 9/12 75 


| 
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the liver. Finally in those rats on a high pork fat diet treated with thio- 
uracil, a significant increase in free SH content was found in the liver. 


3) Infuence of chloroform on alloxan diabetes. — Since chloroform 
poisoning produces a sustained decrease in the free SH content in the li- 
ver, kidney and heart muscle in the rabbit (1+ 28) it was decided to study 
the sensitiveness to alloxan in rats previously treated with chloroform. 
In addition we also studied the influence of the administration of chlo- 
roform on the incidence of diabetes in partially depancreatized rats (*'). 

From a group of ten white male rats, five were treated on two con- 
secutive days with chloroform, 0.1 cm3 dissolved in 1 cm3 of Mazzola 
oil by stomach tube. The third day the whole group was injected with 
alloxan (150 mg/kg/intraperitoneally). The chloroform treated rats died 
between 6 and 24 hours after alloxan. Massive necrosis of the liver cells 
was found histologically, 

In another experiment out of 32 white male rats 16 received 0.01 
cm3 in 1 em3 of Mazzola oil by stomach tube on two consecutive days and 
16 remained as controls, The third day the whole group was injected with 
alloxan (150 mg/kg/intraperitoneally). Blood sugar values were measu- 
red 48 hours and 5 to 7 days after the alloxan injection. The results are 
given in table XVIII and showvthat in the chloroform treated group 
there were 13 out of 16 rats with fasting hyperglycemia 48 hours after 
the alloxan injection. In the controls fasting hyperglycemia was found in 
only three out of 16 rats, 


4) Influence of chloroform on pancreatic diabetes. — In this expe- 
riment the incidence of diabetes due to partial pancreatectomy was stu- 
died (41). 

Out of 28 partially depancreatized white male rats, 14 were treated 
daily with chloroform (0.02 cm3 per rat, dissolved in 1 em3 of Mazzola 
oil) by stomach tube. The rest of the rats remaining as untreated controls. 
The results given in table XIX show that during chloroform treat- 
ment none of the treated rats became diabetic even two months after pan- 
createctomy. On the contrary, all the controls had diabetes two months 
after the operation. However 30 days after chloroform treatment was 
discontinued, diabetes appeared in all the rats which survived. 

In a second experiment with: 26 partially depancreatized white male 
rats, 13 were treated daily with chloroform (0.005 cm3/rat, dissolved in 
1 em3 of Mazzola oil) and 13 remained as untreated controls. 

As figure 5 shows, diabetes appeared in the treated rats 3 
months after pancreatectomy. In the controls diabetes appeared in the 
majority of rats 30 days after operation, thus indicating that treatment 
with chloroform in partially depancreatized rats may prevent or delay 
the appearance of diabetes, according to the dose of chloroform used. 


H) The influence of some endocrine factors on diabetes and on the free 
SH content of tissues. 


1) Sex and sex hormones. — Foglia, Schuster and Rodriguez ('*) 
showed that: a) the incidence of diabetes in subtotally (95 %) depan- 
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creatized rats was higher in males than in females; b) the incidence of 
diabetes in gonadectomized-partially depancreatized rats was higher in 
females than in males; c) estradiol treatment in rats with subtotal pan- 
createctomy prevented the development of diabetes in both castrated and 
uncastrated males or females; d) treatment with estrone, stilbestrol, die- 
nestrol, ethynil-estradiol and ethynil-testosterone also protected gonadec- 
tomized-partially depancreatized female rats from diabetes ('* *). 


100 
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Fic. 5.— Incidence of diabetes due to subtotal pancreatectomy in male white rats 
treated with chloroform (0.005 cm3/rat/day by mouth. P = subtotal pancrea- 
tectomy. 


In order to investigate whether the protective action obtained by 
some estrogens, and thiouracil and other sulphur compounds, could be 
increased by simultaneous treatment with both types of substances, we 
carried on the following experiment: 

Sixty five of female white rats were simultaneously gonadectomized 
and partially depancreatized (resection of approximately 95 % of the 
pancreatic tissue). Seven days after the operation they were divided into 
four different groups: 

One was treated daily with éstradiol benzoate injected subcutaneous- 
ly (15 micrograms suspended in a solution containing 25 mg of lactose) ; 
the second was treated with the same dose of estradiol plus 24 mg/rat/day 
of propyl thiouracil by mouth; the-third with the same dose of propy] thiou- 
racil and finally the fourth was injected daily with a soluticn containing 
25 mg lactose. They were treated during a period of three months. At 
the end of the third month, treatment was discontinued and the rats 
observed during six months more (#6). 

The results given in table XX show that simultaneous treatment 
with estradiol and propyl] thiouracil had definite preventive influence on 
the appearance of diabetes. The protection obtained was higher than that 
obtained by treatment with propyl] thiouracil or estradiol separately. 

The protective action obtained with propy] thiouracil persisted only 
during treatment and disappeared after the administration of the drug 
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TABLE XXI 


Free SH content in mg per 100 g expressed as glutathion in rats: a) normal males; 
b) normal females; and ¢) males treated with estradiol benzoate (15 yg/rat/day) 


during 30 days. 


Treatment 


Normal males ....... 


Normal females .... 


Liver | Kidney | | 
Number of rats (mean) Ss. S. (mean) | s. 8S. | 
74 166 | 
16 154 — 66 
Males treated with estradiol 
yaa 20 | 161 — 90 | 3,6 


S. S. Statistical significance according to the formula 


Average; — Averages 


V (o Avi)? + (6 Ave) 


TABLE XXII 


Free SH content in mg per 100 g expressed as glutathion in normal, adrenalectomized 


and hypophysectomized male rats. 


Treatment 


Adrenalectomized .... 


Hypophysectomized 


* S. S. Statistical significance according te the formula 


| Liver Kidney 
Number of (mean) | (mean) s. 
11 96 4.5 40 | 20 
14 | 185 | 1.7 73 | 4.1 
| 


Average; — Average» 


V (6 Avi)? + (6 
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was discontinued (see table). Protection obtained with estradiol persis- 
ted even 6 months after treatment was discontinued. Finally animals 
simultaneously treated with estradiol and propyl thiouracil, developed 
diabetes in some cases after treatment was discontinued. 

Histologically, the pancreas showed in those treated with estradiol 
definite hyperplasia and hypertrophy of the islets. In those treated with 
propyl! thiouracil neither hyperplasia nor hypertrophy was observed. 


2) Free SH content in relation to sex. — The free SH content in 
the liver and kidney in male and female rats and in females treated with 
estradiol, has been measured. The results are shown in table XXI. 

The free SH group content in the liver and kidney was almost the 
same in males as in females. Treatment with estradiol in males produced 
an increase in the SH content in the kidney compared with the non trea- 
ted controls. 


3) Adrenalectomy and hypophysectomy. — The free SH content in 
the liver and kidney in male rats 7 days after bilateral adrenalectomy 
and in rats 7 days after hypophysectomy has been determined (table 
XXII). 

Adrenalectomized rats showed an intense decrease in the free SH 
group content in the liver and a less marked decrease in the kidney in 
comparison with the normal controls. Hypophysectomized rats showed a 
slight increase in the liver and a definite increase in the kidney. 


DISCUSSION 


The administration of alloxan by intravenous injection is followed 
by a rapid and temporary decrease in the SH content in blood, liver, kid- 
ney and striated muscle. 

In the liver and kidney the diminished SH content returned to normal 
within 30 minutes; in striated muscle after 15 hours, and in blood after 
24 hours following the alloxan injection. These results agree with those of 
Eckert et al. (8); De Caro and Rovida (*); Leech and Bailey (°°); 
Bruckman and Wertheimer (*) and Binet et al. (*). 

More interesting is the decrease in SH content found in the severe 
diabetes produced either by alloxan (48 hours to 12 days after its injec- 
tion) or by total pancreatectomy, because in such cases the observed 
decrease in SH content seems to be related to the diabetic state itself. 

The importance of sulphydril groups in diabetes is also demonstra- 
ted by the pretective effect against alloxan observed when the SH con- 
tent of tissues is increased. This would explain the action of some SH 
containing compounds such as glutathion, cysteine and thioglycolic acid 
in rats (2°) or B.A. L. in rats (®), dogs and rabbits (7). Injected 
SH apparently acts as a neutralizing agent in the blood, since in order to 
protect they have to be injected just before and not after alloxan. 

Other factors which produce a definite increase in the SH tissue 
content also prevent alloxan diabetes or even the diabetes produced by 
subtotal pancreatectomy. Agents which act in this manner are: 1) 
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thiouracil and thiouracil related compounds; 2) cysteine; 3) 4-mercapto- 
2-methylquinazoline; 4) 5-Isopropylidene-2, 4-dithiohydantoine; 5) thy- 
roidectomy; 6) thyroidectomy plus treatment with thiouracil, in which 
addition of protective effects is obtained. 


Treatments which produce an increase in the SH content of tissues 
probably act either as neutralizing agents to alloxan in the tissues or 
increase the resistance of the cells to alloxan. 


Since many fundamental enzymatic systems need SH groups for their 
activity, they can therefore be inactivated by alloxan. Such inactivation 
has been demonstrated for papaine and cathepsine (42); succino-dehy- 
drogenase ('*); triose-phosphate-dehydrase (*:**); the enzymes which 
produce the Robinson and Cori esters (*1) and several enzymes acting in 
carbohydrate metabolism (1) and fats (4°). 


Because the beta cells are particularly sensitive to alloxan it was 
thought that SH-containing enzymes play an important part in the me- 
tabolism of the beta cells and in insulin production. Thus protection 
against alloxan obtained by the administration of substances which pro- 
duce an increase in the SH content of the tissues might be due to che- 
mical neutralization of alloxan, taking place in the islets. However, in 
those cases in which the SH content of the tissues significantly increased 
it has not been possible yet to demonstrate a parallel increase of the SH 
groups within the beta cells. 


The increase in SH produced by treatment with the above mentioned 
substances might also act on the hypophysis and on the adrenal gland, 
but the réle of SH in these glands is still unknown. In the liver they might 
decrease glucose production, but there is not sufficient evidence of such 
a mechanism. 


Finally the increase in the SH content might act on the tissues en- 
hancing the action of insulin or improving glucosa utilization thus de- 
creasing the need of insulin. None of these possible mechanisms have 
as yet been demonstrated. 


However the decrease in the SH content in the tissues does not 
seem to be the prime cause of diabetes because: a) in all types of diabe- 
tes there is not necessarily a decrease in the SH content of tissues, thus 
in mild diabetes produced by subtotal pancreatectomy the SH content is 
not much below the normal level, and b) the decrease in SH content is 
not always followed by diabetes, e.g. in chloroform poisoning, fasting, 
feeding a low protein diet and thyroid feeding during 20 days. Nevertheless 
in these cases and in others which provoke a decrease in SH content, the 
appearance of diabetes is favored. In our experiments protection against 
diabetes was not always accompanied by a parallel increase in the SH 
content. The feeding of a high coconut oil diet which gave protection 
against diabetes was not always accompanied by a parallel increase in 
the SH content in tissues, and though, protection against diabetes was 
obtained by acute hypoxia resulting from decompression to 200 mm Hg 
during two hours before alloxan, again there was no increase in the SH 
content of tissues. 
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Thyroid feeding during 60 days also protected against diabetes, but it 
is not known whether there is corresponding increase in the SH content. 

Again the increased sensitiveness to alloxan in rats fed with a high 
pork or ox fat diet does not appear to be related with the SH groups, 
since in our experiments a variation of SH as a consequence of feeding 
these high fat diets was not observed. We do not know if the high inci- 
dence of diabetes observed in partially depancreatized rats injected with 
testosterone as described by Lewis, Foglia and Rodriguez (**) is or is 
not related with the SH mechanism. 


The protection obtained by the administration of estrogenic subs- 
tances seems to be connected with hyperplasia and hypertrophy of the 
islet tissue which they provoke in the rat (3°: *: *). 

Estrogens however, might act either through the hypophysis or di- 
recty on the tissues, but so far nothing is known about these possible 
mechanisms. 


SUMMARY 


Some aspects of the importance of sulphydryl groups in experimen- 
tal diabetes due to alloxan or pancreatectomy, have been studied in the 
rat and in the toad. 

1) The intravenous administration of alloxan in the rat produced: 
a) a sharp and temporary fall in the SH content in blood, liver, kid- 
ney and skeletal muscle; b) a marked decrease in the SH content in rats 
with severe diabetes, 48 hours and 12 days after alloxan injection. 

2) In totally depancreatized diabetic rats the SH content was also 
lower than in the controls. In partially depancreatized rats with mild 
diabetes, the blood SH was lower than in the controls. 

3) The SH content in blood and tissues in the toad falls after pan- 
createctomy, with or without hypophysis and with or without injection 
of “pars distalis”’. 

4) The diabetogenic and toxic action of alloxan in the rat could be 
prevented by intraperitoneal injection of B.A.L. 30 minutes prior to 
alloxan. 


5) Treatment during 12 to 30 days with thiouracil and thioura- 
cil related compounds prevented the diabetogenic and toxic action of 
alloxan. 


6) These treatments also hindered the development of diabetes due 
to partial pancreatectomy in the rat. The same results were obtained by 
treatment with cysteine, 4-mercapto-2-methylquinazoline and 5-Isopro- 
pylidene-2, 4-dithiohydantoine. 

7) Treatment with propyl thiouracil in totally depancreatized force- 
fed rats, mantained with a given dose of insulin, produced a definite 
remission of glycosuria without loss of body weight. 

8) Thyroidectomy and treatment with thiouracil, cysteine, 4-mer- 
capto-2-methyl quinazoline or 5-Isopropilidene-2, 4-dithiohydantoine pro- 
duced a significant increase in the SH content in tissues. 
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9) Fasting, administration of thyroid powder during 20 days and 
chloroform poisoning, which produce a decrease in the SH content in 
tissues, provoked an increase in the sensitiveness to the diabetogenic 
and toxic action of alloxan. 

10) Acute hypoxia produced an increase in the resistance to allo- 
xan which was parallel to a slight increase in the SH blood content. 

11) In partially depancreatized castrated females treated with either 
estradiol benzoate, propyl! thiouracil or both, the following facts were ob- 
served: a) the administration of propyl] thiouracil gave marked protec- 
tion; b) estradiol protected during and after its administration even 6 
months after treatment had been discontinued; c) propyl thiouracil and 
estradiol gave strong protection during treatment; after it was discon- 
tinued the protection persisted due to the estradiol treatment. 

12) Estradiol administration produced hyperplasia and hypertrophy 
of the islets of Langerhans. This action was not observed in the propyl 
thiouracil treated rats. 
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GONADOTROPHIC FUNCTION OF THE HYPOPHYSIS 
IN THE PREGNANT GUINEA-PIG 


SILVIO BRUZZONE AND EDUARDO PARRA 


(Department of Experimental Medicine, National Health Service of the 
Republic of Chile, Santiago) 


INTRODUCTION 


T= BEHAVIOUR of intrasplenic ovarian grafts under various expe- 
rimental conditions has been studied in this Department since 1942, 
after having discovered that hemorrhagic follicles appear in intrasplenic 
ovarian grafts in castrated guinea-pigs as early as 4 to 8 weeks after 
grafting (Ponce de Leén, 1944; Woywood, 1944; Lipschutz, 1946). If 
the second ovary had been left in situ hemorrhagic follicles failed to 
appear whereas production of corpora lutea in the intrasplenic graft of 
unilaterally castrated guinea pigs was not impaired and was similar to, 
or more considerable than, in the castrated animal (Gay, 1944; Lipschutz, 
Ponce de Leén et al, 1946). In the guinea pig with the second ovary 
left in situ, production of corpora lutea goes on in the intrasplenic graft 
for as long as 600 days after grafting (Bruzzone and Niedmann; see 
Niedmann, 1947). It is very noteworthy that the behaviour of the in- 
trasplenic graft in the unilaterally castrated rat as described by Biskind 
and Biskind (1948) and Biskind et al. (1950) was different from that 
reported in the guinea pig; according to Biskind, Pencharz and Biskind 
(1948) the intrasplenic graft in an unilaterally castrated rat was similar 
to that in a hypophysectomized animal. There are thus seemingly con- 
siderable species differences as to the behaviour of the ovary under 
the given experimental conditions. These findings in the guinea pig and 
the rat show how important comparative studies in different species are, 
even with reference to phenomena which one might suppose from the 
beginning should be ef similar dynamics. 

Use has been made of the intrasplenic ovarian graft in the castrated 
guinea pig for the study of ovarian-hypophyseal hormonal interrelations 
by the administration of steroid hormones and part of the results has 
been published in the meantime (Lipschutz, Iglesias, Bruzzone et al., 
1948; Mardones, 1949; Barahona, 1949; Iglesias, Lipschutz and Mardo- 
nes 1950; Barahona, Bruzzone and Lipschutz, 1950; Iglesias, Lipschutz 
and Rojas, 1950). We have thought that use may be made of the in- 
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trasplenic ovarian graft also for the study of ovarian-hypophyseal re- 
lations in pregnancy in which this hormonal interrelationship is com- 
plicated by the placenta. The same question has been studied indepen- 
dently in the pregnant rat by the Biskind group (Biskind and Kordan, 
1949; Biskind, Kordan and Biskind, 1950). In the present paper our 
results (see Thesis of Parra, 1947) shall be discussed comparatively with 
those in the non-pregnant guinea pig. 


EXPERIMENTAL PROCEDURES 


In a group of animals one ovary was grafted into the spleen before 
pregnancy took place. Females were used in which the vaginal entrance 
was closed. The second ovary was left in situ.. The operated animals 
were then brought together with males. The genital region was inspected 
once daily. Opening of the vaginal entrance which occurred 4 to 21 days 
after operation was considered as coincident with impregnation. All fe- 
males becalme pregnant; but we may have failed in some cases as to 
the exact dating of the beginning of pregnancy. 

In another group of animals one ovary was grafted into the spleen 
several weeks after the beginning of pregnancy, the second ovary being 
left in situ or simultaneously removed. 

Necropsy was performed 1 to 2 months after grafting the ovary. 


Comparative taking of ovarian grafts in pregnant and non-pregnant 
anima's, — As shown in table I the graft takes and survives in pregnant 
animals as in non-pregnant ones, 


TABLE I 


Comparative taking of intrasplenic ovarian autografts in pregnant and 
non-pregnant guinea-pigs 


| 
Necropsy 
Second ovary | Condition of the after — a — tage 
animal grafting 
| days grafts takes takes 
Removed non-pregnant* 20-37 20 18 90 
Removed pregnant** 21-38 18 17 95 
situ 60-63 28 22 79 
In situ pregnant 61-82 20 13 65 
In situ pregnant 30-52 31 20 65 


* Woywood, 144. 


** In 10 animals of this group abortion occurred 1 to 18 days after castration of 
animals pregnant since 28 to 40 days. 
*** Gay, 1944, Lipschutz. Ponce de Leon et al; 1946. 
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The condition of the graft varies greatly even under quite identical 
experimental conditions. This refers especially to experiments in which 
necropsy is performed at about 2 to 3 weeks after grafting. The greater 
part of the ovary may then be found in a condition of degeneration; but 
primary follicles being present such a graft is capable of complete re- 
generation. This is shown by the fact that the percentage of similar 
“degenerated” grafts is more considerable at short intervals, say 2 to 3 
weeks after grafting, than at 2 months. For this reason those grafts in 
which primary follicles were present the remaining part of the graft 
consisting of loose, sometimes oedematous connective tissue, must be 
designated as “takes’’, 


Percentage of takes was as considerable in pregnant animals with 
the second ovary removed as in non-pregnant ones, 


When the second ovary was left in situ percentage of takes was 
smaller than in non-pregnant animals; but no importance can be attri- 
buted to this slight difference. 


Notwithstanding the seemingly equal —or in any case considera- 
ble— chance as to taking and surviving in pregnancy, very notable 
differences were found as to the behaviour of the graft in pregnant and 
non-pregnant animals, 


Luteinization in intrasplenic grafts in pregnant and non-pregnant 
animals, — Results with the 50 takes in pregnant animals as mentioned 
in Table I, are reported in table II. Findings in 53 non-pregnant animals 
from former or unpublished work have been added for comparison. 


In some animals in which the ovary was grafted after the beginning 
of pregnancy, abortion took place 1 to 21 days after the operation. These 
animals are dealt with separately from those’females in which pregnancy 
continued undisturbed after the operation. 


One of the most striking characteristics of the intrasphenic graft 
in pregnant animals with the second ovary in situ is absence of corpora 
lutea in the graft (fig. 1 A and 1 B) which under similar experimental 
conditions are present in the graft in no less than 50 per cent of non- 
pregnant animals (fig. 2). There was among 26 pregnant animals with 
oine ovary in situ (group I, II and IV) only 1 with a corpus luteum in 
the graft (fig. 1C); the graft was in this latter case for 72 days in 
the spleen. On the contrary, the normal ovaries left in situ contained, as 
was to be expected, corpora lutea, their number varying between 1 and 4. 
Among the mentioned 26 pregnant animals with the second ovary in situ 
there were 8 which were necropsied 61 to 82 days after grafting 
(group II); the pregnant animal with a corpus lutewm in the graft 
belonged to this group of 8. On the contrary, among 22 grafts in non- 
pregnant animals with the second ovary in situ and necropsied 60 to 63 
days after grafting, there were 10 with corpora lutea (group III; fig. 2). 
These comparative results show in a striking manner that pregnancy 
counteracts luteinization in the graft whereas luteinization is maintained 
in the ovary in situ of the same animal, 
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Fic. 1.— Ovarian autografts in pregnant guinea-pigs with the second ovary in situ 
(greup II of table II) x 10. — A. Grafted 4 days before beginning of pregnancy; 
necropsy 61 days after grafting. Four fully developped young in the uterus. 
Graafian follicles of about i mm. No corpora lutea (CXII. 22). B. Grafted 21 
days before beginning of pregnancy; necropsy 82 days after grafting. Four fully 
developed young in the uterus. Graafian follicles of about 1 mm. No corpora 
lutea, (CXII. 148). C. Grafted 4 days after beginning of pregnancy; necropsy 
72 days after grafting. Graafian follicles of about 0.8 mm. One fully developed 
young in the uterus. The only animal out of 8 of this group with a corpus luteum 
(see table II). This animal was also the only one of this group in which the 
uterus contained but 1 embryo (CXII. 21). 


) 


2A 2B 
Fic. 2.— Ovarian autografts in non-pregnant guinea-pigs with the second ovary in 
situ <x 10. — A. 61 days after grafting. Small Graafian follicles of about 0.6 mm. 
Large corpus luteum (LXXI. 136). — B. 63 days after grafting. Graafian fol- 
licles of only 0.2 mm. Two corpora lutea (LXXI. 2B). As many as 10 animals 
out of 22 contained corpora lutea, 


Even more unexpected was the fact that luteinization failed to 
appear in the graft of all 5 animals autopsied 41 to 61 days after abortion 
had occurred (group VIII) and when the graft had reached the same 
age as in non-pregnant animals (group III). 


Hemorrhagic follicles in intrasplenic grafts in pregnant and non- 
pregnant animals. — Another striking phenomenon in pregnant animals 
was the absence of hemorrhagic follicles in the graft in pregnant animals 
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with the second ovary removed whereas under similar experimental 
conditions hemorrhagic follicles are present in the graft in most of non- 
pregnant animals. In 7 animals the graft was made 32 to 40 days after 
the beginning of pregnancy the second ovary being removed simultaneous- 
ly (group V). Pregnancy went on undisturbed, and the animals were 
necropsied at normal term. In only 1 out of these 7 castrated pregnant 
animals hemorrhagic follicles appeared. Similarly, hemorrhagic folli- 
cles were found in only 2 out of 10 castrated animals with abortion 
(group IX and X) though the graft remained in the body up to 
28 days after abortion had taken place. There were thus among 
17 pregnant or aborted castrated animals (group V, IX and X) only 
3 with hemorrhagic follicles; on the contrary, among 25 non-preg- 
nant castrated animals (group VI) there were as much as 12 with 
hemorrhagic follicles. These results show that production of hemorrhagic 
follicles in the graft is, in the castrated animal, to a certain degree 
counteracted by pregnancy as is luteinization, and that as to this little 
change takes place in the course of several weeks after abortion. In the 
2 animals of group X with hemorrhagic follicles the age of the graft 
was of 31 and 34 days, and abortion had occurred 25 and 28 days before. 

Graafian follicles in intrasplenic grafts in pregnant and non- 
pregnant animals. — Whereas both luteinization (in the non-castrated 
animal) and follicular bleeding (in the castrated one) which are so 
characteristic of the intrasplenic graft in the guinea pig, are interfered 
with by pregnancy, this is seemingly not the case with follicular growth. 

Two diameters of the largest follicle were measured in each graft; 
the sum divided by 2 was taken as the largest diameter in this graft. The 
average of the different groups is given in the last column of table II. 
Since we did not make complete serial sections, the value of the measu- 
rements is indeed a limited one. 

The figures leave no doubt that graafian follicles may attain full 
size in intrasplenic grafts in pregnant animals with the second ovary 
in situ (group III with almost 1mm); in non-pregnant animals with the 
second ovary in situ (group III) these maturing follicles evidently 
underwent luteinization, only small graafian follicles remaining. 

In all the series with the second ovary removed both in non-pregnant 
(group VI) and aborted animals (group VIII, IX and X) the average 
diameter was at 30 days of about 0.7 to 1 mm. Only in group V of 7 
pregnant animals the average diameter was small; but deviation from 
the average was so considerable in this group that no significance can 
be attributed to this finding. 


DISCUSSION 


The failure of the graft to produce hemorrhagic follicles in the 
castrated pregnant guinea-pig is striking (compare group V and groups 
VI, IX and X). This shows how different the functional pattern of the 
hypophysis in pregnant and non-pregnant animals is. 

Another notabie finding refers to luteinization. In pregnant animals 
with the second ovary in situ luteinization did not take place whereas 
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it did under similar conditions in non-pregnant animals (compare group 
II and III). But corpora lutea were present in the ovary in situ in the 
same pregnant animals. 

It is known since long that gonadotrophic hormones to be detected 
in the hypophysis of women by the administration to immature rats 
diminish greatly in the later stages of pregnancy (Philipp, 1930; Lip- 
schutz and Del Pino, 1936; and many other workers, see references 
Smith, 139, p. 958, summary Courrier, 1945, p. 199). Similar findings 
have been made in other species also especially in the rat, cow and sow 
(Evans and Simpson, 1929; Bacon, 1930; Wolfe, 1931; summary 
Burrows, 1949, p. 53), though the deviation during pregnancy was not 
so marked as in women (additional references see Smith, 1939). A 
transitional increase of gonadotrophic potency which later again disap- 
pears has been found in the pregnant rabbit (Hill, 1943) and mare 
(Catchpole and Lyons, 1934) but also in the cow (Bates et al., 1935). 

On the basis of these findings, though certainly conflicting. one 
might tentatively assume that the gonadotrophic activity of the hypo- 
physis goes on during pregnancy through a phase of relative rest. In our 
work the difference between non-pregnant and pregnant anima!'s would 
thus be due to a limited supply — in pregnancy — of gonadotrophic hor- 
mones, especially of the luteinizing one, for which the newly maturing 
graafian follicles of the graft have to compete. When making such an 
assumption one must make also the corollary one that there is no abun- 
dant production of luteinizing chorionic hormones in the euinea pig, 
contrary to what is the case in the placenta of women. But things might 
turn out to be quite different to that. A remarkable fact observed, years 
ago, in parabiotic female rats has to be mentioned here. When one of 
the two partners becomes pregnant the oestrous cycle of the non-preg- 
nant partner is inhibited (Hill, 1932). No satisfactory explanation can 
be given to this condition to which that of the intrasplenic ovarian graft 
in our pregnant guinea-pigs is seemingly so similar. 

There was still a third striking and quite unexpected observation: 
hemorrhagic follicles failed to appear, in castrated pregnant animals, 
still several weeks after abortion. At first sight one might assume that 
the condition of hypophyseal rest as characteristic of pregnancy outlasted 
the latter. However, such an assumption is not tenable as shown by 
experiments in which one ovary was grafted into the spleen not later 
than 1 day after normal delivery and the second ovary was removed. 
Hemorrhagic follicles were found 33 to 37 days later in 4 out of these 
5 grafts (table II, group XI). This result shows in a clear cut manner 
that at the mentioned date the condition of the hypophysis was no longer 
that of pregnancy, and that it was as functional as in animals without 
preceeding pregnancy. The inconsistency of this result with that which 
took place after abortion in group IX and X would indicate that in our 
animals with abortion the hypophyseal condition was held in the state 
characteristic of pregnancy by some factor outlasting abortion but not 
normal pregnancy. The only viable explanantion would then be that pla- 
cental remains were active for several weeks after abortion. Some 
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‘experimental statements may be quoted in favour of such an assumption. 
In rats castrated between the 9th and 12th day of pregnancy there was 
no abortion; death of the embryos occurred but the placenta continued 
alive and producing hormones (Selye et al., 1935). Similarly, in pregnant 
cats castrated at 2 weeks after conception, the embryos died and became 
mummified whereas the placentas persisted and maintained the uterus 
in the state characteristic of pregnancy during 3 weeks (Courrier and 
Gros, 1936). Similar statements have been made by Van Wagenen 
(1947) in Rhesus, by Albertz (1946) and Zondek (1947) in women. In the 
guinea-pig castrated 3 to 4 weeks before delivery, without abortion having 
taken place, the embryos survived and hormonal effects as relaxation of 
the pubic symphysis (Benazzi, 1931, 1933) and the characteristic con- 
dition of the vaginal mucosa were not, or only exceptionally impaired 
(Lipschutz, 1937). 

The differential behaviour of the intrasplenic graft in guinea pigs 
and rats is of considerable interest. According to Biskind and Kordan 
(1949) the ovary grafted into the spleen of the pregnant rat, the second 
ovary being left in situ, contained many large follicles but corpora lutea 
were generally absent, This is not different from what we have found 
in the pregnant guinea pig. However, the statement is remarkable that 
according to Biskind and Kordan (1949) and to Biskind et al., (1950) 
the graft in the pregnant animal is even better developed ‘than in the 
non-pregnant animal. After the termination of the pregnancy in these 
non-castrated rats the grafts decreased in size and became atrophic 
{Biskind, Kordan and Biskind, 1950). On the contrary in the guinea pig 
(table II, group XI) the behaviour of the graft after normal delivery is 
not different from that in the non-pregnant animal. There can be no 
better example of species differences in the realm of ovarian-hypophyseal 
relationships than the differentia] behaviour of the intransplenic ovarian 
grafts in pregnant guinea-pigs on the one hand, and rats on the other. 


SUMMARY 


Taking of intrasplenic autografts in castrated or unilaterally 
castrated guinea pigs was very little, if at all, impaired by pregnancy. 

On the contrary follicular development in the intrasplenic ovarian 
autograft behaved differently in the pregnant guinea-pig than in the 
non-pregnant one, 

Though Graafian follicles grow in the graft in pregnant animals 
to the same size as in non-pregnant ones, subsequent luteinization is 
impaired. Whereas corpora lutea were produced in the graft in about 50 
per cent of non-pregnant animals with the second ovary in situ, they 
failed to appear in similar grafts in most of pregnant animals. But cor- 
pora lutea were present in the accompanying ovary in situ, 

Whereas follicular bleeding occurs in most of intrasplenic grafts in 
castrated non-pregnant guinea pigs, it is exceptional in castrated 
pregnant animals. 

These results are in favour of the concept that the gonadotrophic 
function of the hypophysis is, during pregnancy, in a condition of rest, 
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especially as to production and delivery of the luteinizing hormone. 

The impairment of production both of corpora lutea and of 
hemorrhagic follicles has been found also several weeks after abortion. 
However, intrasplenic grafts when made immediately after normal deli- 
very —the second ovary being removed simultaneously— behaved as to 
frequency of hemorrhagic follicles in the same manner as grafts made 
in non-pregnant animals. This statement shows that the peculiar beha- 
viour of the graft after abortion is not due to an hypophyseal change 
outlasting normal pregnancy. Some other factors, possibly placental 
remains, must be in play after abortion, 
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PRODUCTION AND DELIVERY OF RENIN BY 
THE ISCHEMIC KIDNEY 


J. C, FASCIOLO AND J. R. E. SUAREZ 
(Instituto de Fisiologia. Cérdoba 451. Universidad Nacional de Tucuman 
Republica Argentina) 


N ACUTE renal ischemia, produced by constricting the renal artery or 

by tying the renal pedicle, the renin content of the kidney increases 
rapidly (':*). When the kidney is rendered ischemic (*) or when blood 
is allowed to pass through a kidney whose pedicle has been tied, renin 
passes to the circulation (*). These facts would indicate, thet if the kidney 
is forced “‘to secrete’ renin by the ischemia, an increase of renin within 
the kidney must be the first step. 

We were able to show that, curiously enough, the renin content of 
the kidney deprived of every connection with the body, and kept al 37° C 
or room temperature, remains unchanged (*). On the other hand, Bing (°*) 
perfusing with saline rabbit’s kidneys removed from the body and kept 
at 37°C or 2°C for various periods of time, found that the perfusate 
had a pressor action on cats. The pressor action was greater with the 
kidney kept at 37°C. Kidneys perfused immediately after their removal 
did not show any pressor action. These results seem to indicate that in 
these cases, renin could pass into the blood without increasing previously 
in the kidney. However, since Bing’s results were obtained in rabbits, 
and no data concerning the renin content of those kidneys are available, 
a new series of experiments to answer the question seemed necessary. 


METHODS 


Dogs, about 15 kg in weight were employed, anesthetized with chlo- 
ralose. T'.e abdomen was opened by a midline incision and both kidneys 
exposed, Artery and vein were tied and cut as near as possible to their 
origin in the aorta and cava respectively. After tying the ureter and 
some vessels, the kidneys were removed. A small sample of the cortex 
was taken for the estimation of renin, as described elsewhere (°). One 
of the kidneys was kept in a refrigerator at 5°C and the other at 37°.C 
After two hours, new samples of the cortex were taken. Kidneys: were 
then grafted, using Payr’s cannules, in the neck of the same dogs, whose 
carotid artery and jugular vein had been prepared beforehand. The 
technique has been described elsewhere (*). Each graft was allowed to 
function for 10 minutes. Blood pressure was registered with a kymograph, 
using a mercury manometer, 
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The renin content of the kidney was estimated by the method of 
Fasciolo and Taquini (*). As a check to this method we devised another, 
in which the hypertensin formed by renin during the incubation period 
was estimated by its pressor action on dogs, instead of being estimated 
by its vasoconstrictor action on toads. Presently, we shall describe briefly 
the minor modifications necessary to adapt the toad method to the dog. 
We shall call this method II. The techniques of preparing renal extracts 
and destroying hypertensinase do not differ to those already described. 
Four ml of the solution of hypertensinogen (about 2 units) were used 
in each test, in order to make duplicate determinations. To this, 2 ml 
of a 0.5 % solution of methyl parasept * were added as a preservative, 
and enough saline solution (0.9 %) to bring the final volume to 10 ml. 


TABLE I 
Results of two experiments showing that hypertensinase is completely destroyed 
by acidification. Samples 1 and 2 are duplicates of the same experiment. St tube 


was prepared adding to hypertensinogen, 20 units of purified renin, hypertensi- 
nase free, 


Kidney cortex Samples B. P. rise 

mg mmHg 
St | 48 
1 } 48 
40 2 48 
St 48 
St 42 
1 40 
20 2 40 
St 40 
| Blank 0 


Since the hypertensinogen was buffered, pH remained about 7.3 (phenol- 
red). Two tubes were used for the estimation, to which 0.2 ml and 0.3 ml 
of the homogeinate were added (2 and 3 mg of kidney tissue respecti- 
vely). Each series were run with a standard tube, to which an excess 
of purified renin (20 units) was added, in order to transform all the 
hypertensinogen, and a blank containing only hypertensinogen and pre- 
servative. After two hours of incubation at 37°C, volume was brought 
to 20 ml, pH adjusted to 5 with phosphoric acid and protein precipitated 
by boiling in a water bath during 3 to 4 minutes. After cooling, tubes 
were centrifuged and the clear supernatant transferred to a test tube, 
and divided into two portions, to be tested on dogs. Dogs were anesthe- 
tized with nembutal, arterial pressure being registered with a mercury 
manometer, 

To test if renal hypertensinase was completely destroyed by acidi- 
fication (pH 4, 30 minutes, 30°C) a great excess of renal extract (20 
and 40 mg of fresh renal tissue) treated in order to destroy hyperten- 


* A proprietary name, It is a derivative of benzoic acid, 
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TABLE II 


Relation between amount of renin (kidney cortex) and pressor activity. Increa- 
sing amounts of kidney tissue were incubated with hypertensinogen and tested in 
duplicate on the blood pressure of anesthetized dogs. It can be seen that with 4 mg 
(tube 2) the rise is about 50% of the maximal (all hypertensinogen transformed). 


1 


B. P. rise 
Tube Kidney cortex | (duplicates) % of maximal rise 
mg mmHg A 
1 2 12 16 40 42 
2 4 18 20 60 53 
3 6 22 26 73 69 
4 12 26 30 87 79 
5 20 30 38 —_ — 


sinase, was added to the hypertensinogen, and the pressor response com- 
pared with that obtained when an excess of pure renin was employed. 
As shown in table I, hypertensinase appears to be completely destroyed 
in both cases. 

The relation between the amount of renin present (mg of kidney 
tissue) and the hypertensin formed, is illustrated by table II and by fig. 1. 


Fic. 1. — Relation between amount of kidney extract added to hypertensinogen and 
pressor response. 2, 4, 6, 12 and 20 mg of fresh renal cortex were added to tubes 
1, 2, 3, 4, and 5 respectively. 


RESULTS 


Results are summarized in table III and figure 2. The values of 
renin content obtained with both methods are not comparable since the 
solution of hypertensin used for estimating pressor effects in method II, 
was not standardized. Since each value must be compared with the 
one obtained previously by the same method, the absolute amount of 
hypertensin formed is unimportant. It can be seen that excepting in 
the kidney kept at 37°C in experiment 5 (method II) no increase in 
the renin content could be detected. In experiment 4 a diminution in 
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TABLE III 


Pressor effects and renin content of kidneys kept two hours at 5° and 37°C. In 
experiment 1, one of the kidneys was kept at room temperature 25°C (K 25). In 
experiment 5, the kidney kept at 37° (K 37) was grafted before and after K 5. Tha 
values of method I and II are not comparable owing to the differences in the stan- 


dard usted. 


| | Renin content of the kidney 


| | B. P. rise Units 1 i 
tata i per 10 mg of fresh tissue 
— Sample of graft Tee SS 
. | mmHg | Method I Method 2 
| before after hefore after 
1 K 25° 26 
K 37° 54 — 
2 K 5° 16 1 0.8 — ant 
K 37° 24 0.7 0.7 — -- 
3 K 5° 34 0.5 06 1.3 1.3 
7 K 37° 34 0.7 1.0 3.0 3.0 
4 K 37° 26 0.6 0.3 2.0 1.0 
K 5° 0 0.9 7 ‘oe 1.2 
K 37° 38; 20 — — 0.7 1.2 
K 5° 4 —_— — 1.2 1.2 
units Dog 
2 


K37°c KS°C KS*C K37°C 


6.Pressure rise Renin content of kidneys 


Fic. 2.— Left: Pressor effect of the kidney kept at 37°C (K 37°C) and at 5°C when, 
grafted on the neck of dogs. Average of 5 experiments. Right: E’stimation of 
renin content of kidneys kept at 5°C and 37°C with method I (toad) and method II 
(dog). 1, immediately after extirpation: 2, two hours later. 

The values of method I and II are not to be compared, due to the differences 
in the hypertensin standard used for estimating the hipertensin formed. Results 
must be compared with those obtained with the same method. 


2 
mm Ha c Toad 

40. Graft 
30. 

~ 
20. 
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the renin content was observed with both methods, a result found as an 
exception in former series. 

These results are in agreement with our previous finding (*) that, 
if the renal pedicle is cut and the kidney removed, its renin content does 
not suffer significant modifications. 

Table III shows that, as expected, there were no significant diffe- 
rences between the renin content of the kidneys kept at 5° and 37° C. 
The small increase found in the kidney kept at 37°C (method II) shown 
in figure 2 is not significant. 

Both kidneys showed pressor action when grafted, the blood pressu- 
re response being characteristic of renin action, but the rise was greater 
in the case of the kidney kept at 37° C. In experiments 1, 2 and 3 the - 
kidney kept at 5° C was the first to be grafted; so on account of renin 
tachyfilaxis, pressor response of K 37°C is apt to be comparatively grea- 
ter than showed in the chart. In experiment 5, K 37°C was grafted 
first, causing a blood pressure rise of 38 mm Hg; later on, K 5° C. was 
grafted, producing an increase of only 4 mm Hg. Finally, K 37° was 
again perfused and the rise in blood pressure was this time 20 mm Hg. 


DISCUSSION 


Our results confirm the previous work of Bing (*) regarding the 
pressor effect of kidneys kept at 2° and 37°C and those of Fasciolo and 
Taquini (*) on the renin content of the kidney excised and kept at 37° C. 

The passage of renin to the circulation in those kidneys can be look- 
ed upon as an active or as a passive process. In the first case, complete 
ischemia acting upon the renin producing cells of the tubule, would make 
them pour their “secretion” into the blood stream. The second possibi- 
lity is that total ischemia would produce changes in the cells and capi- 
llaries, which modifying their permeability would allow the diffusion of 
renin into the blood. The work of Bing (*) tends to favour the latter 
view. The differences found in our experiments in respect to the pressor 
effects of K 37°C and K 5°C are of no help in the interpretation of the 
mechanism involved. 

The question arises as to whether changes in permeability would 
explain the passage of renin into the blood found in incomplete renal 
ischemia or in the early stages of experimental renal hypertension (°°). 

If so, the increment of blood renin in early stages of experimental 
hypertension would indicate that renal ischemia is severe and that renal 
tissue is anoxic. Whether hypertension in these cases can be ascribed to 
renin, remains to be proved. In this connection it is interesting to note 
that if the degree of renal ischemia is mild, hypertension will develop 
without increasing the renin content of blood (experiments done on dogs 
with Taquini and Braun-Menendez, unpublished). 

That the kidney under almost “normal” conditions is able “to secre- 
te” renin was shown by Govaerts and Muller ('!) who grafted normal 
kidneys immediately after extirpation, on the neck of recipient dogs 
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nephrectomized 48 hours before and therefore very sensitive to renin. 
But the best evidence is that of Fasciolo and Taquini ('*) who using a 
very sensitive method were able to detect minute amounts of renin in 
the blood of dogs. At any rate, the amount of renin found in the blood 
was so small, that its physiological significance remains an open question. 

It has been shown that renal ischemia produced by constriction or 
tying of the renal artery will increase rapidly the content of renin in 
the kidney (**). It is possible that renin function may be related to 
some mechanism within the kidneys and its passage to the blood devoid 
of physiological significance. 


SUMMARY 


Both kidneys of dogs were removed and kept 2 hours at 5°C and 
37° C. After this period the renal artery and vein were connected with 
the carotid artery and the jugular vein of the same dog by medium of 
Payr’s cannules, and perfused. The blood pressure of the recipient dog 
rises higher with the kidney kept at 37° C than with that kept at 5° C. 

Renin estimation by two different methods in both kidneys was ca- 
rried out immediately after extirpation and two hours later. No signifi- 
cant changes were observed. These observations show that total ische- 
mia is able to promote passage of renin into the blocd without this having 
been increased previously within the kidney. 


(We acknowledge our gratitude to Dr. Kenneth Hayward for correcting the language). 
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THE LIBERATION OF AN ANTI- DIURETIC FACTOR 
BY THE HYPERTENSINOGEN PEPSIN REACTION* 


H. CROXATTO, G. ROJAS AND L. BARNAFI 


(From the Laboratorio de Fisiologia, Universidad Catélica de Chile, 
Santiago, Chile.) 


gers and Grollman (*) reported that animals with experimental 
hypertension, and also chronic hypertensive patients, showed an 
increase of an anti-diuretic factor in the urine. This observation suggests 
two possibilities: a) the hypophysis may increase the secretion of the 
anti-diuretic factor, probably as a defense mechanism against an excess 
of glomerular filtration caused by hypertension; and b) this factor may 
appear at some stage of the biochemical] mechanisms of experimental hy- 
pertension (hypertensinogen-renin-hypertensin-hypertensinase). The se- 
cond possibility is also based on chemical similarities between hypertensin 
and post pituitary gland hormones (Croxatto, H., ?). 

The present paper deals with the last mentioned of the two hypothesis 
referred to. In the first experimental series, renin and hypertensinase 
were used. But as results were not constant, both these enzymes were 
replaced by pepsin since Croxatto and Croxatto (*) observed that the 
latter while acting on hypertensinogen produced pepsitensin. This pro- 
duct has similar effects to hypertensin. We shall show in this paper that 
a very prolonged incubation of pepsitensin with pepsin brings out a de- 
crease of the concentration of the hypertensive factor and the formation 
of a new anti-diuretic factor. 


METHODS 


Substrates used: (A) Non hemolytic citrated human or horse plasma 
previously dialyzed in order to eliminate salts and fibrin. Moreover, it 
has been demonstrated that dialysis eliminates most of the anti-diuretic 
effects of plasma or serum (*). (B) Globulin fractions were obtained by 
direct precipitation of the plasma with ammonium sulphate 1:6 satu- 
rated. The precipitate draws most of fibrinogen. A similar fraction was 
obtained by adding ammonium sulphate 1:6 saturated to the crude solu- 
tion of hypertensinogen. The soluble fraction contains most of the hyper- 


* Aided by a grant of the Fundacion Gildemeister, Santiago, Chile. 
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tensinogen. (C) Globulin fractions were also obtained by treating the 
plasma with ammonium sulphate 1:2 saturated (350 g per 1000 ml). Most 
of the hypertensinogen is drawn away in the precipitate. (D) Albumin 


fractions were present in the non precipitated portion 1:2 saturated with 
ammonium sulphate. 


Each fraction was dialyzed in celophane tubes, against both tap wa- 
ter and distilled water. Afterwards the pH of each solution was exactly 
adjusted at pH 3.5 or pH 2.5 (except if expressly indicated) by adding 
10 % HCl solution. Because of the importance of pH values in the inter- 
pretation of results, it is necessary to distinguish between experiments at 
pH 2.5 and at pH 3.5. The extracts were hydrolyzed by adding 10 to 200 
ml] of crystallized pepsin per 100 ml the best condition in which to obtain 
perfect hydrolysis. The hydrolyzed extracts were placed at 38°C for 4 
to 24 hours. Digestion was interrupted afterwards by mixing the extracts 
with 2 volumes of boiling alcohol. The albumins were separated by filtra- 
tion, and the alcoholic solution was evaporated at 30°C in order to concen- 
trate the extract to 1/2 up to 1/10 of the original concentration. This 
extract of the first digestion that contains pepsitensin if hypertensinogen 
was the substrate, once neutralized, was tested on the blood pressure of 
cats and rats. Burn’s test was used to analyze its anti-diuretic activity (*). 
The first extract after a second digestion with pepsin (adjusting again 
DH values to 3.5 or 2.5) and incubated up to 24 hours at 38°C in order to 
destroy a possible pressor effect of pepsitensin, was mixed with 4 to 5 
volumes of boiling alcohol (95°C to 98°C), then filtrated dnd concentrated 
in a vacuum pump. The final extract obtained from the second digestion 
and after being filtrated and neutralized, was comparatively tested with 
the samples of the first digestion as to pressor and anti-diuretic effects. 
In order to determine the best conditions for the appearence of the anti 
diuretic substance, some of the best procedures already described were 
modified such as the amount of pepsin added, the degree of acidification 
in the first and second digestion with or without the addition of pepsin, the 
number of hours of incubation, etc. Also some extracts were prepared 
without the addition of HCl or pepsin, but otherwise were subjected to 
the same treatment. 


The anti-diuretic activity was tested with a method described by 
Burn (‘). Rats weighing 200 to 250 g were left without food for 13 hours, 
but with plenty of water, then placed in groups of four in cages with a 
funnel in the floor to collect the urine. Urine excretion was measured 
every 15 minutes during a period of 120 to 180 minutes. Each group 
received the same extract by intraperitoneal injection (0.2 to 1 cm* per 
100 g body weight). Immediately afterwards water at 30°C was given 
through a catheter pushed down to the stomach. The amount of water 
given was 5 % of the body weight. In each series a control group of four 
rats was injected with a volume of 9 % of NaCl similar to the injected 
volume of the extracts. In this control group 50 % of the administered 
water was excreted within the first 90 minutes, usually during the first 
60 minutes (fig. 2, 3, 4, 5, 7). The hypertensive effects of the extracts 
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Fic. 1.— Each curve represents the average urinary excretion of 4 rats (Burn’s test). 
Substances were injected intraperitoneally. Values, incicated below are ml per 
100 g body weight. A. 0.6 ml NaCl 0.9 %. B. 0.6 ml globulin fraction, obtained by 
precipitation of human plasma with SO, (NH4)2 1/6 saturated (1:5.4)*. I diges- 
tion with pepsin at pH 3. C. 0.6 ml hypertensinogen fraction (22 g SO, (NH4)2 
per 1000 ml) (1:2.6)*. I digestion with pepsin at pH 3. D. id. B. II digestion 
(1:8)*. E. id. C. II digestion (1:3.9)*. 

Fic. 2.— Each curve represents the average urinary excretion of 4 rats. Substances 

were injected intraperitoneally. Values indicated below ar ml per 100 g body 
weight. A. 0.6 ml NaCl 0.9%. B. 0.6 ml hypertensinogen fraction 1/2 saturated 
with SOs (NH4)2 (1:5). I digestion with pepsin at pH 3.5 during 4 hours. 
C. 0.6 ml of hypertensinogen fraction. II digestion with pepsin at pH 3.5 during 
24 hours. D. 0.6 ml id. B. III digestion with pepsin at pH 3.5 during 24 hours. 
The insert illustrates the blood pressure changes of a cat that received 1 ml, 1.5 
ml and 1 ml of the extracts (B, C, and D respectively). 


were tested by intravenous injection in cats and rats anaesthetized with 
dial. Blood pressure as measured in the carotid artery by means of a 
mercury manometer; the technique followed in rats was similar to that 
described by Silva and Croxatto (*). In a certain number of rats blood 
pressure was controled also for 60 to 180 minutes after the injection of 
the extracts in order to elucidate whether the inhibition of diuresis was 
due to hypotension. 


RESULTS 


Digestion of pepsitensin or of hypertensinogen with pepsin produced 
extracts with a potent anti-diuretic action. This effect is easy to get, 
using the extracts obtained after the second digestion of those fractions 
of plasma that contain most of the hypertensinogen. The amounts neces- 
sary to demonstrate this effect in the rat according to the different ex- 


* These values represent the concentrations of the final extracts in relation to the 
volume of the initial substrates. 
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Fic. 3.— Each curve represents the average urinary excretion of 4 rats. Values indi- 
cated below are ml per 100 g hody weight. A. 0.3 ml of hypertensinogen fraction, 
acidified at pH 2.5 during 4 hours (1: 3)*. B. 0.2 ml id. A. pH 7. C. 0.2 ml NaCl 
0.9 %. D. 0.6 ml of hypertensinogen after I digestion with pepsin at pH 3 
(1: 10)* during 4 hours. E. 0.6 ml hypertensinogen II digestion id. D. (1 :5)* 
24 hours. F. 0.2 ml of hypertensinogen fraction I digestion with pepsin at pH 2.5 
during 4 hours (1:3.5)*. The insert represents the blood pressure variations 
of a rat anaesthetized with dial, to which 0.1 ml of extracts D and E (1: 5)* 
were injected. 


Fic. 4.— Each curve represents the average of urinary excretion of 4 rats. Values 
indicated below are ml per 10U g body weight. A. 0.6 ml NaCl at 0.9 %. B. 0.6 ml 
of an hypertensinogen extract (1:8)* cigested with pepsin at pH 2.7. During 
the second digestion, dialysis was performed for 21 hours. C. 0.6 ml id. B. Not 
dialyzed. 


tracts. Usually complete or almost complete inhibition of diuresis for 
120 minutes was obtained with an amount of extract equivalent to 3 to 6 
ml of the starting hypertensinogen solution. Furthermore the anti-diu- 
retic activity of the extracts obtained after hypertensinogen closely de- 
pended on the conditions present at the first digestion such as duration and 
pH. If hydrolysis of the substrate was prolonged for more than 4 hours 
at pH 3.5, the resultant extract had the typical pressor effect of pepsiten- 
sin and increased diuresis. If this extract was again digested with pepsin 
for a period of 18 to 24 hours at a pH of 3 to 3.5, the hypertensive effect 
was less but the extract had an intense anti-diuretic action (fig. 1, 5, 
and 6). 

A comparative study of different extracts obtained either from hu- 
man or horse hypertensinogen digested with pepsin revealed a reciprocal 
relation between pressor and anti-diuretic effects. Therefore if the se- 
cond hydrolysis is not sufficient and the pressor activity of pepsitensin 
is not entirely destroyed, a third digestion, after addition of pepsin and 


* See fig. 1. 
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Fic. 5.— Each curve represents the average urinary excretion of 4 rats (Burn’s test). 
Values indicated below are ml per 100 g body weight. A. 0.9 ml] albumin fraction 
extract (1:4)* of horse plasma, digested at pH 2.5 with pepsin. II digestion. 
B.0.9 ml NaCl 0.9%. C. id. A. I digestion. D. 0.5 ml hypertensinogen fraction 
extract (1:4)* of horse plasma. II digestion (pH 2.5). (Also the first digestion 
of hypertensinogen was done at pH 2.5). 


Fic. 6.— Blood pressure of a cat anaesthetized with dial. Injections are all intra- 
venously. 1. 1 ml (1: 4.4)* of horse hypertensinogen digested with pepsin (I di- 
gestion). 2. 1 ml (1: 4.4)* of horse albuminae, digested with pepsin. I digestion. 
3. 1 ml of horse hypertensinogen plus HCl. I digestion. (1 : 4.4)*. 4. 1 ml (1: 6)* 
horse hypertensinogen plus pepsin. II digestion, 5. 1 ml (1:6)* horse hyperten- 
sinogen plus HCl. II digestion. 


with longer incubation, intensifies the anti-diuretic effect (fig. 2). Fur- 
thermore, if the first hydrolysis of hypertensinogen was at pH 2.5 or 
lower, with an incubation period of 18 to 24 hours, pepsitensin activity 
was less than in the former series and a potent anti-diuretic effect was 
observed (fig. 3). A second digestion of these extracts at pH 2.5 did 
not modify their activities. The anti-diuretic activity determined by hy- 
drolysis of hypertensinogen cannot be attributed only to HCl (fig. 3). 
As shown by fig. 7 the maximal intensity is reached whenever pepsin 
acts together with HCl. Negative results were obtained by incubating 
hypertensinogen without pepsin at pH 2.5 during 24 hours (I and II hy- 
drolysis). A similar treatment of the non precipitable fraction with am- 
monium sulphate 1:2 saturated (albumin fraction), adding 20 to 400 
mg % of pepsin and adjusting pH values to pH 2.5 or pH 3.5, gave ex- 
tracts of weak hypertensive action and of no anti-diuretic effect. This 
was true for I and II hydrolysis in amounts equivalent to 4 up to 8 ml 
of the initial albumin solution (fig. 5). 


* See fig. 1. 
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Fic. 7.— Each curve represents the average of urinary excretion of 4 rats (Burn’s 


test). Values indicated below are intraperitoneal injections per 100 g body weight. 
A. 1 ml NaCl 0.9 %. B. 1 ml hypertensinogen fraction of horse. (1 : 7*. I diges- 
tion with pepsin during 4 hours at pH 3.5. C. 1 ml of an extract id B, posteriorly 
treated with HC] at pH 8 during 24 hours and previous boiling. D. id. C without 
previous boiling. E. 1 ml id B, adding pepsin at pH 3 and digested during 24 
hours. (II digestion). F. 0.9 ml id. D. From other hypertensinogen (1 : 6)*. 
G. 0.9 ml id. E. From other hypertensinogen (1:6)*. Right hand record shows 
blood pressure changes of a cat after the injection of: 1. 1 ml of extract B. 
2. 1 ml of extract E. 


With plasma fractions most easily precipitated (1:6 saturated with 
ammonium sulphate) negative results were obtained, but sometimes a 
marked anti-diuretic effect was present. Nevertheless the anti-diuretic 
activity obtained after treating hypertensinogen was far more intense. 
In one experiment the injection of an amount equivalent to 30 ml of the 
globulin solution most easily precipitated gave a very potent anti-diuretic 
effect (1 % excretion in 90 minutes),. Actually it is difficult to know 
whether this effect has to be attributed to the hydrolysis of fibrinogen 
that is contained in this fraction, or to another globulin (e. g. hyper- 
tensinogen). 

Croxatto and Rioseco (5) have stated that the products obtained 
with the digestion of hypertensinogen retarded pepsitensin inactivation. 
We have investigated the fact for the anti-diuretic product. The diges- 
tion was performed in cellophane bags immersed in distilled water. As 
shown in fig. 4 the effect was just the opposite, probably because of the 
anti-diuretic substance having dialized. 

The attempts to establish the structure of the anti-diuretic substance 
seem to indicate that it is a polypeptide whose solubility and stability 
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are somewhat similar to those of the anti-diuretic substance of the post 
hypophysis. After testing the substances already described on the isola- 
ted uterus of the guinea pig a utero-tonic action was demonstrated. The 
most marked oxytocic effect was found with extracts obtained from 
hypertensinogen, especially after the second digestion (Croxatto, Rojas 
and Barnafi*). 


DISCUSSION 


The first question we have to deal with is whether the anti-diuretic 
action is similar to that of the pituitary hormone, or whether it is due to 
disturbances in the vascular system of the animal as shock or hypotension. 
The last possibility can be discarded since there was no arterial hypo- 
tension after the injection of the anti-diuretic substance. Usually when 
the extracts were given intravenously, a rise in blood pressure was 
observed closely depending on the degree of pepsitensin inactivation. 
The animals showed also great tolerance to repeated injections of these 
extracts. The latter had no influence on body weight or growth. 


It is impcertant to know whether the anti-diuretic substance is a 
product of hydrolysis or whether it is linked by adsorption to some plas- 
matic globulin (hypertensinogen) to be released during our experimental 
procedures. This would be difficult to establish at present, but it is 
noteworthy that after the second digestion of hypertensinogen the anti- 
diuretic actions increase whereas the pressor effects decrease as if the 
anti-diuretic agent were formed from pepsitensin. This hypothesis is 
strengthened by the fact that plasma and its fractions were dialyzed 
before digestion, and because dialysis brought out an important decrease 
of the a’ i-diuretic factor. 

It is interesting that in vitro the peptic digestion of plasma globulins 
may give origin to substances of so definite physiological effects such as 
hypertensive, anti-diuretic and oxytocic actions. It might be thought 
that the pituitary gland utilizes these globulins to elaborate hormones. 
Another point to be discussed would be the possibility of a single subs- 
tance being responsible for the three mentioned effects. Results i'lus- 
trated in table I would suggest that at least more than one substance is 
involved because when comparing the effects of both digestions it becomes 
clear that the pressor actions decrease and the oxytocic and anti-diuretic 
effects increase, 


If the anti-diuretic action is caused by hydrolysis of a peptide and 
not by the liberation of an adsorbed molecule during the treatment this 
would mean that it plays a réle in homeostasis. Because of similarities 
between pepsitensin and hypertensin it is justified to study whether an 
anti-diuretic substance could originate from the last mentioned substance. 
Walker (*°) found that hypophysectomized animals continue to excrete an 
anti-diuretic substance in the urine; some source of anti-diuretic substan- 
ces other than the neuro hypophysis should therefore be kept in mind. The 
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fact that the plasma contains potentially a substance with the described 
characteristics could explain Walker’s findings; but we should then 
admit the existence of a liberating mechanism. 


TABLE I 


The anti diuretic. pressor and oxytocie actions of extracts of the first and second 
digestion with pepsin 


Extracts Water excre 


Substrate 
Pepsin | Incubation Pressor | Oxytocic 
and injected tion 4 
iechmens | = % hours m1/100 g in 90° % units/ml units/ml 
Human _hypertensinogen 
I Digestion 20 4 0.6 61 1.8 0.005 
II p 120 24 0.6 23 1.2 < 0.005 
III ‘ 400 24 0.5 6 0.0 < 0.005 
pH 3.5 
Horse hypertensinoger 
I Digestion 15 5 0.7 50 6 0.003 
II se 60 19 0.8 5 2 0.015 
pH 3 
Albumin fraction 
I Digestion 10 14 0.4 66 0 0.001 
pH 3 


CONCLUSIONS 


Treating human or horse plasma with pepsin at pH 3.5, optimal con- 
ditions for preparing pepsitensin, extracts were obtained which after a 
second digestion with pepsin for 18 to 24 hours lost their pressor effects 
but had intense anti-diuretic effect in the rat. This action is attributed 
to a substance liberated during the hydrolysis of hypertensinogen or pep- 
sitensin. When different fractions of plasma were studied it was found 
that the fraction with the highest content of the anti-diuretic factor was 
the one containing hypertensinogen (the fraction precipitated with am- 
monium sulphate 1:1 saturated). This fraction shows also the highest 
content of pepsitensin. 

The fraction which was most easily precipitated (1:6 saturated with 
ammonium sulphate) and treated under the same conditions as above 
gave extracts with no anti-diuretic activity, even though inhibition of 
diuresis can be obtained with large doses of this extract. 

The albumin fraction not precipitated by ammonium sulphate 1:2 
had in general no anti-diuretic effects. In those cases in which hyper- 
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tensinogen was hydrolized at pH 3.5 during 4 hours (first digestion), 
the extract had an intense hypertensive effect but no anti-diuretic action. 
If this extract after separating the protein with alcohol is incubated 
again with pepsin during 18 to 24 hours (second digestion) the pressor 
effects disappear entirely and instead a maximum anti-diuretic effect is 
obcained, 

Generally speaking, an inverse relation between the pressor and 
anti-diuretic effects was found with these extracts. 

This statement does not mean that extracts having an intense anti- 
diuretic action have always also hypotensive effects. If hypertensinogen 
is hydrolized at pH 2.5 during 8 to 24 hours (first digestion) the resultant 
extracts may show an intense anti-diuretic effect together with a dimi- 
nished hypertensive action. 

The question is discussed whether the anti-diuretic factor may be 
due to the hydrolysis of a globulin (hypertensinogen) or else of pepsi- 
tensin. Nevertheless, it can not be discarded that the substance may be 
preéxistent and linked to some globulin of the blood. 
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FUNDAMENTAL BASIS OF THE SPECIFICITY OF 
PRESSOR AND DEPRESSOR AMINES IN THEIR 
VASCULAR EFFECTS 


Il. — Effects of Dibenamine on the hypertensive action of 
pressor amines (*) 


F. HUIDOBRO, R. CROXATTO AND W. MANOSALVA 


(From the Departamento de Farmacologia y Laboratorio de Quimica Bio- 
légica, Universidad Catélica de Chile, Santiago, Chile) 


I T IS POSSIBLE that biological specificity may be commanded by the 
same physico-chemical principles that intervene in the formation 
of a crystal. This may be deduced from Pauling’s experiments on antigen- 
antibody formation (*). It is probable that molecules designated as 
“pressor amines” may compete through inter-molecular surface comple- 
mentarity for the same vascular receptor and simultaneously for a hypo- 
tensive vascular receptor. Thus, blood pressure changes would depend 
on the algebraic summation of these two possibilities (7). Once tachyphy- 
laxis for the hypertensive action was induced, repeated doses induce 
hypotension (5). 

Theoretically, the hypotensive action of some “pressor amines” such 
as arterenol, epinine, cobefrine, adrenaline, neo-synephrine ** could not be 
shown through tachyphylaxis because the doses usually employed (mi- 
crograms) are rapidly metabolized after their action and thus, the hyper- 
tensive receptor is not occupied and, therefore, is able to receive other 
doses. In order to demonstrate this phenomenon, it would be necessary 
to block the receptor by other substances, even by those that partially 
blocked it. Dibenamine seems to meet this condition (see discussion). 
On the other hand it allows the use of large doses of catecholic ring 
amines. Now, repetition of these large doses induce tachyphylaxis to 
the hypertensive effect, and later on, hypotension is present. This fact 
has been previously suggested (°). 

The pharmacological characteristics of hypotension induced by 
“depressor amines” —substances that are chemically close to “pressor 
amines’’— such as butanefrine and isuprel, are quite similar to blood 
pressure fall caused by drugs like adrenaline, cobefrine, epinine, etc. 
On the other hand, it differs with hypotension determined by hypotensive 
amines that lack a catecholic structure. This fact suggests “a priori” 
that hypotensive actions of adrenaline, epinine, cobefrine, arterenol and 


(*) Aided by a grant from the Fundacién Gildemeister, Santiago, Chile. 
(**) Due to typographic reasons all the drug names, even if patented, have been 
printed in lower-case. 
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neo-synephrine could be accomplished through the linkage of these mole- 
cules with the vascular cellular receptor, which, by surface complemen- 
tarity, is able to receive butanefrine, isuprel and analogous substances. 

It was thought of interest to study such possibilities, because it 
could contribute to a better understanding of the morphology of this 
cellular receptor. Furthermore, the use of dibenamine offers the opor- 
tunity to study the pharmacology of this drug, which mechanism of 
action is not perfectly understood. 

METHODS 


Non selected adult cats weighing from 1300 g to 3900 g were 
used. They were anesthetized with 25 % solution of urethane containing 
3.3 % of sodium pentobarbital (nembutal “Abbott”). 1 ml per kg was 
injected intraperitoneally. Blood pressure was recorded by connecting 
the carotid artery to a mercury manometer. Both cervical vagus were 
cut. Animals that did not receive dibenamine were injected with from 
1 mg to 1.5 mg of atropine (atropine sulphate ‘“Merck”) per kg in the 
femoral vein. A tracheal cannula was placed for artificial respiration 
when necessary. The employed drugs and the concentrations used are 
indicated below: 

1) Dibenamine hydrochloride (Gibaudan Delawana, Inc.) in doses from 15 mg 

to 20 mg per kg, intraperitoneally, from 3 to 17 hours before the experiment. 

2) Antistine “Ciba” (2-phenylbenzylamine methylimidazoline metasulphonate) 

from 7 mg to 10 mg per kg intraperitoneally. 

3) Isuprel sulphate at 0.5 %. 

4) Butanefrine hydrochloride at 0.5 %. 

5) Arterenol monohydrate bitartrate at 0.1%. 

6) Adrenaline hydrochloride (commercial solution of adrenaline “Clin” at 0.1%). 

7) Epinine hydrochloride at 0.1 %. 

8) Cobefrine hydrochloride at 0.1 %. 

%) Neo-Synephrine hydrochloride at 0.1 %. 

10) Tyramne hydrochloride (Eastman Kodak Co.) at 1%. 

11) Paredrine hydrobromide at 0.2 %. 

12) Phenylethylamine hydrochloride (Hoffmann La-Roche) at 1%. 

13) Phenyl-n-propylamine sulphate at 0.5 %. 

14) Phenylbutylamine hydrochloride at 0.1 %. 

15) Vonedrine hydrochloride at 0.5 %. 

16) Propadrine base at 0.5 %. 

17) Ephedrine hydrochloride at 1 %. 

18) Metoxamine hydrochloride at 1 %. 

19) B-(2,5-dimetoxypheny!)-f$—hydroxyethylamine at 1% (hydrochloride). 
20) Amphetamine sulphate (Smith, Kline & French Laboratories) at 0.5 %. 
21) 1-cyclohexyl—2—propylamine at 1%. 

22) 2-methylamine—1-cyclopentylpropane at 1 %. 

23) Tuamine sulphate at 1%. 

“4) Fouramine at 1 % (*). 


(*) Drug 17 is of unknown origin (was bought in a pharmacy). We are deeply 
indebted with Sharp & Dohme for 16; our thanks also go to: Parke & Davis for 13; 
to Smith, Kline & Franch Laboratories, through the courtesy of Dr. M. L. Moore, 
for 11 and 21; to Dr. D. F. Marsh for 14; to Winthrop Stearn Inc. for 4, 5, 7 and 9; 
to Burroughs Wellcome & Co., through the kindness of Dr. E. J. de Beer, for 18 and 
19; to The W. M. S. Merrel Co. for 15; to Eli Lilly & Co., through the courtesy of 
Dr. E. E. Swanson, for 22, 23, and 24; to Instituto Bio-Quimico Beta for 3. All these 
gifts allowed this work to be possible. 

All the employed substances are racemic, except artereno] which is levogyrate. 
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Chemical structures of the amines and the usually employed doses 
appear in table I. All drugs were dissolved in distilled water and injected 
in the femoral vein. Dibenamine and antistine were given intraperi- 
toneally, Solutions of catecholic structure were stabilized with sodium 
bisulphite (“Merck’’), obtaining a concentration of 0.1 %. In order to 
preserve all solutions, a drop of merthiolate tincture (Eli Lilly & Co.) 
1% for 20 ml of the solution, was used. Major dilutions were done 
immediately before the experiment with distilled water. Sodium bi- 
sulphite and merthiolate did not modify the results obtained. 


TABLE I 


Chemical structure and doses of the employed substances. 


Rl H 
| 
R3 R4 R5 R6 
Drugs R1 R2 R3 R4_ RS R6 R7 Doses in mg 

OH OH OH HN-CH-(CH3)2 H 0.005- 0.5 
Butanefrine ..... OH OH OH NH2 CH2-CH3 0.05 - 0.5 
Arterenol ....... OH OH OH NH2 H 0.01 - 3.0 
OH OH H NH-CH3 H 0.04 - 0.8 
Cobefrine ....... OH OH OH NH2 CH3 0.04 - 4.0 
Adrenaline ...... OH OH OH NH-CH3 H 0.005- 2.0 
Neo-Synephrine OH OH NH-CH3 H 0.02 - 1.0 
Tyramme ....5.. OH H NH2 H 1.00 -10.0 
Paredrine ....... OH H NH2 CH3 0.40 -10.0 
H NH2 H 1.00 
CH3 NH2 H 1.00 
H NH2 CH2-CH3 1.00 
Vonedrine ...... CH3 NH-CH3 H 1.00 
Propadrine ...... OH NH2 CH3 1.00 
Ephedrine ....... OH NH-CH3 CH3 1.00 
Metoxamine ..... CH30 CcH30 OH NH2 CH3 0.50 
CH30 CH30 OH NH2 H 1.00 
Amphetamine ... H NH2 CH3 0.50 
S. K. F. 10* .... (eyelohexyl) H NH2 CH3 1.00 
Cyclopentyl* .... CH3 NH-CH3 CH3 0.50 - 4.0 
Tuamine ... (2-amine-heptane) 2.00 - 4.0 
Fouramine ...... (2-amine-4-methyl-hexane) 2.00 - 4.0 


(*) P. E. A.: Phenylethylamine. 
P. P. A.: Phenyl-n-propylamine. 
P. B. A.: Phenylbutylamine. 
832: 
S. K. F. 10.: 1-cyclohexyl-2-propylamine. 
Cyclopentyl.: 2-methylamine-1-cyclopentylpropare. 
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RESULTS 


I. — Effects of a single dose of adrenaline, epinine, cobefrine, arte- 
renol and neo-synephrine after dibenamine, 


As it is known, adrenaline, after the injection of dibenamine, causes 
hypotension that is independent from the dose used (*). Small doses of 
cobefrine (40 to 100 micrograms) usually induced hypertension, even 
though hypertension may be followed sometimes by slight hypotension. 
If the dose of cobefrine is increased to 0.5 mg, 1 mg or more, this 
substance may produce hypotension only. Something similar happened 


B GCA 0 to uno P 

Fic. 1.—The effect of some pressor amines on blood pressure, after dibenamine. 
Cat, 2190 g. Dibenamine, 15 mg given intraperitoneally 5 hours before the 
experiment. 

A) 1 mg of neo-synephrine. B) 10 mg of tyramine. C) 1 mg of paredrine. 
D) 0.01 mg of adrenaline. E) 0.5 mg of metoxamine. F') 1 mg of 2-methylamine- 
1-cyclopentylpropane. G) 1 mg of tuamine. H) 0.5 mg of vonedrine. I) 1 mg of 
fouramine. J) 1 mg of phenylbutylamine. K) 1 mg of § (2.5-dimetoxyphenyl)-6- 
hydroxyethylamine. L) 1 mg of cyclopentyl-2-propylamine. M) 1 mg of ephedrine. 
N) 1 mg of propadrine. O) 1 mg of phenylpropylamine. P) 0.5 mg of amphe- 
tamine. 

All these substances were injected in the femoral vein. 


Time in minutes. 


with epinine, but its hypotensive effects are more easily shown than 
for cobefrine, because these effects either appeared with smaller doses 
or because they were more frequent in a given number of cases. 


Small doses of arterenol (10 to 100 micrograms) or larger doses 
(250 to 500 micrograms) always produced hypertension in our experi- 
ments. This fact agrees with some authors (*), even though other inves- 
tigators (7') obtained hypotension with this dose. Only with a large 
dose (1 mg or more) is it possible to obtain hypotension, generally 
preceded by slight hypertension. 


110. 
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Neo-synephrine is always hypertensive if the animal has not 
previously received other “pressor amines”. This phenomenon was 
obtained even using doses of 1 mg. Sometimes, hypotension is produced 
after repeating the doses. 


II. — Effects of single doses of other “pressor amines” after 
dibenamine, 


Other “pressor amines” injected at the usual doses (see table I) either 
did not modify blood pressure or produced slight hypertension (see table 
II and fig. 1). Tyramine and paredrine were ysed on several occasions 
in doses 10 to 25 times as large without observingshypotension. Ampheta- 
mine in serial doses did not produce hypotension even if doses 10 fold 
larger are used (fig. 2). It is interesting to notice that 2-methylamine-1- 
cyclopentylpropane, tuamine, fouramine, caused hypertension if the 
animal did not receive “pressor amines” previously. If this condition is 
not met, they do induce hypotension (see section V). 


AAAABBCCC ODDEE 


Fic, 2.— The action of large and repeated doses of amphetamine, after dibenamine. 
Cat, 2000 g. 20 mg of dibenamine were given intraperitoneally 7 hours before 
the experiment. Upper reccrd: blood pressure; lower record: respiration. 

A) 0.5 mg of amphetamine. B) 1 mg of amphetamine. C) 2 mg of ampheta- 
mine. D) 3 mg of amphetamine. E) 4 mg of amphetamine. 
Time in minutes. 


III. — Effects of repeated doses of adrenaline, cobefrine, epinine, 
arterenol and neo-synephrine after dibenamine, 


It was suspected that these amines induced hypotension because of 
the occupation of the cellular receptor, which structure could be the com- 
plementary form of n-ter-butyl-cobefrine. Therefore, it was intended to 
know if these substances would induce tachyphylaxis to hypotension. In 
this case they would have similar action to those which are linked to such 
receptor (butanefrine, isuprel, and similar compounds,?). Adrenaline 
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Fic. 3. — Tachyphylaxis to the hypotensive action of adrenaline and reversal of its 
effect after. repeated doses of the substance. Cat, 1750 g. 15.0 mg dibenamine 
3 hours before the experiment. 
A) 0.01 mg of adrenaline. B) 0.03 mg of adrenaline. C) 0.05 mg of adrenali- 
ne. Adrenaline was injected in the femoral vein. 
Between records 23 minutes and 5 injections of 0.01 mg of adrenaline. 
Time in minutes. 


A oc 


Fic. 4.— Tachyphylaxis to the hypertensive action of cobefrine and reversal of 
epinine effects because of this phencmenon. Cat 2100 g. 15 mg of dibenamine 
intraperitoneally 17 hours before the experiment. 

A) 0.8 mg of epinine. B) 0.01 mg of adrenaline. C) 1 mg of cobefrine, Signals 
that are not labeled correspond to 0.15 mg of ccbefrine. 

All these substances were injected in the femoral vein. 

Time in minutes, 


was injected in successive doses of 10 micrograms. Once the effects of 
the former injection disappeared, it produced decreasing hypotension, to 
a point where its effect was null. Under this condition, other doses of 
adrenaline induced hypertension, which increased as the injections were 
repeated (fig. 6). This effect was proportional to the injected dose. A 
typical example is illustrated in fig. 3. The effects of epinine are similar. 
Once tachyphylaxis to hypotension was established, further doses of 
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Fic. 5.—1) Upper left hand corner: reversal of the effect of adrenaline by action 
of isuprel. Cat 2100 g. 18 mg of dibenamine were given intraperitoneally 10 
hours before the experiment. A) 0.01 mg of adrenaline. B) 0.1 mg of isuprel. 
Between records: 16 minutes and 2 injections of 0.1 mg of isuprel. 


2) Upper right hand corner: reversal of the effect of adrenaline by the action 
of butanefrine. Cat 3700 g. 20 mg of dibenamine given intraperitoneally 5 
hours before the experiment. A) 0.01 mg of adrenaline. B) 0.1 mg of butanefrine. 
Between records: 22 minutes and 6 injections of 0.1 mg of butanefrine. 


8) Lower records: reversal of the effects of adrenaline, cobefrine and epinine, 
by action of isuprel. Cat 3090 g. 15 mg of dibenamine intraperitoneally, 5 
hours before the experiment. A) 0.01 mg of adrenaline. B) 1 mg of arterenol. 
C) 0.5 mg of cobefrine. D) 0.5 mg of epinine. E) 0.5 mg of isuprel. 

Ali these substances were injected in the femoral vein. 

In all records, time in minutes. 


epinine induced hypertension. These actions were not studied with 
cobefrine, artereno] or neo-synephrine, because they rarely induce hypo- 
tension. As it was pointed out, epinine, cobefrine, arterenol and neo- 
synephrine, usually determined hypertension after dibenamine. After 
dibenamine, these agents may be administered in large doses. This con- 
dition was used in order to know whether under this situation they would 
induce ever decreasing hypertensions, i. e., if they would induce tachyphy- 
laxis to hypertension. This turned out to be the case. Repeated injections 


of large doses of these substances caused tachyphylaxis to hypertension 
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(fig. 4). Hypertension blockade is common to substances of analogous 
structure. This is illustred in fig. 4, where cobefrine blocks the hyperten- 
sive action of epinine, and in fig 6, where arterenol blocks the hyper- 
tensive actions of epinine and cobefrine. Once this blockade was establi- 
shed, further injections of the substance may or may not induce hypoten- 
sion, effect that is extended to other amines of similar structure (see 
figs. 4, 5 and “Discussion”). Tachyphylaxis induced by catecholic ring 
amines is more prolonged if induced to the hypotensive action rather 
than to the hypertensive effect. 
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Fic. 6.— Tachyphylaxis to the hypertensive action of arterenol, with reversal of its 
effects; this phenomenon blocked the hypertensive action of epinine and cobe- 
frine. Tachyphylaxis to the hypotensive action of adrenaline, with reversal of 
this effect, which determines a blockade of the hypotensive action of epinine, 
cobefrine and arterenol. Cat 1750 g. 20 mg of dibenamine were given intra- 
peritoneally 15 hours before the experiment. 

A) 0.05 mg of adrenaline. B) 0.1 mg of epinine. C) 0.1 mg of cobefrine. D) 0.1 
mg of arterenol. E) 0.25 mg of arterenol. F) 0.5 mg of arterenol. G) 1 mg of 
arterenol. H) 0.1 mg of adrenaline. 

All these substances were injected in the femoral vein. 

Time in minutes. 


IV. — The blockade of the hypotensive action of catecholic ring 
“pressor amines’. 


If all these substances do have an action because they are linked to 
the same hypotensive receptor, and if this receptor is occupied by any of 
them, the others, either should not have any action at all on blood pres- 
sure, or they should induce hypertension (°), Actually, repeated doses of 
butanefrine or isuprel, before they abolished their hypertensive action, 
were able to block the hypotensive action of adrenaline. In other words, 
this substance it not able anymore to cause hypotension, but becomes a 
hypertensive substance (fig. 5). The same happened when epinine and 
cobefrine were used (fig. 5), and even the same when arterenol was 
employed. Once tachyphylaxis to the hypotensive action of adrenaline has 
been induced by repeated doses of this substance (closely depending on 
the used dose), the injection of epinine, cobefrine, arterenol (fig. 6), and 
neo-synephrine, caused hypertension. It must be noticed that if the last 
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group of substances are given before tachyphylaxis is established, they 
cause hypotension. Something similar has been observed on the action 
of cobefrine upon epinine, arterenol upon epinine and cobefrine, and with 
epinine upon cobefrine and artereno!. In other words, and interpreting 
this phenomenon, repeated doses of adrenaline, cobefrine, epinine and 
arterenol, do occupy the cellular receptor during a certain length of time, 
so that newly arrived doses not only do not cause hypotension but they 
induce an important hypertension (fig. 6). 


V. — Effects of 2-methylamine-1-cyclopenty propane, tuamine and 
fouramine after dibenamine. 

These drugs act in a different way if given to an animal which 
did not receive before any other drug (with the exception of dibenamine), 
or if injected after the animal received other “pressor amines’. These 
substances —if given to an animal that previously received dibenamine—, 
determined hypertension. On the contrary, if these drugs are given 
after the animal has been injected with several doses of other “pressor 
amines”, they do cause hypotension (fig. 1). Fouramine, either did not 
cause any change in blood pressure, or it caused slight hypotension (see 
table II and fig. 1). Tuamine determined slightly larger hypotension. 
This effect was more intense when a cyclic ring substance was employed. 
Because blood pressure fall determined by 2-methylamine-1-cyclopentyl- 
propane is the most intense, this drug was especially studied. Hypotension 
characteristics are different from other studied substances (catecholic 
ring amines), a) The hypotension induced is of shorter duration than 
that induced by “pressor amines”, b) It does not cause tachyphylaxis to 
hypotension. c) Once tachyphylaxis to the hypotensive effects of isuprel 
or butanefrine was established, 2-methylamine-1-cyclopentylpropane con- 
tinued to be an hypotensive substance. d) This drug —together with 
other substances listed in this section— did not increase hypotension 
after an antihistaminic drug (Antistine), thus contrasting with the 
behavior of other substances, like catecholic ring amines, which did 
increase hypotension after an anti-histaminic (*). 


DISCUSSION 


It has been suggested that the hypertensive effects of “pressor 
amines”, for reasons presented elsewhere (°), are most probably due 
to their direct action on the smooth muscles cf blood vessels. 

Our results seem to indicate that adrenaline, cobefrine, epinine, 
arterenol and neo-synephrine cause hypotension because they compete 
for the same cellular receptor, which structure would be complementary 
with n-ter-butyl-cobefrine (*). Several observations agree with this 
suggestion: Winder, Anderson and Parke ('*) leading a number of 
opinions, think that the drug is linked to the cellular receptor and stays 
there all the time the phenomenon is present. Therefore, any other 
substance is inactive at this moment (being active otherwise), because 
it finds its cellular receptor occupied. This possibility has been suggested 
by others (°). The fact that butanefrine and isuprel do block the hypo- 
tensive responses of adrenaline, means that butanefrine, adrenaline and 
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isuprel occupy the same hypotensive receptor. After tachyphylaxis to 
the hypotensive action of adrenaline has been obtained, the hypotensive 
action of cobefrine, epinine and artereno] disappears. The same happens 
when tachyphylaxis to the hypotensive effect of epinine has been 
obtained: adrenaline, cobefrine and arterenol cause hypertension. All 
this suggests that adrenaline, cobefrine, arterenol and neo-synephrine 
compete for the same receptor that is being occupied by butanefrine and 
isuprel. 

The mechanisms of action of dibenamine have not been well esta- 
biished. It is thought that an intermediate substance is formed in the 
body, that would be the active one. The adrenergic blockade would be 
produced in two stages: the first would be a dynamic equilibrium between 
the blocking agent and the blocked substance; in the second stage the 
blocking agent would be linked by a covalent chemical bond to a part 
of the cell —thus explaining the equilibrium— the blockade is then com- 
pleted and the duration could be explained. This blockade is completed 
after 90 minutes if dibenamine is injected intravenously and the duration 
can be of the order of 3 to 4 days (*). Results obtained in this paper do 
not coincide with this interpretation. We think that dibenamine can not 
be linked by a covalent chemical bond to the cell because of the following 
reasons: a) Adrenaline, cobefrine, epinine, artereno] and neo-synephrine 
are substances that induce hypertension because they are linked speci- 
fically to the same hypertensive receptor in the vascular territory that 
is adequate for these substances (2}5). Also, when these substances are 
injected in doses that cause similar hypertension (10 micrograms of 
adrenaline and of arterenol, 20 micrograms of neo-synephrine and 40 
micrograms of epinine and of cobefrine*), they do not produce a compa- 
rable effect if given to an animal previously injected with dibenamine. 
Thus, adrenaline always causes hypotension: epinine, only occasionally, 
and this effect is obtained only exceptionally after cobefrine. Arterenol 
and neo-synephrine —which always determined hypertension at these 
doses— never induced hypotension under this condition. b) An interpre- 
tation based on the fundamental mechanisms that allow the formation 
of a crystal, so fundamental for the specificity of action, does not allow 
the participation of covalent unions between dibenamine and the blocked 
receptor. c) Covalent bonds make it impossible that the hypertensive 
receptor could be liberated through hypertensive drugs (cobefrine, arte- 
reno], neo-synephrine) in an animal that previously received dibenamine. 
Neither it explains the reversal of the hypotensive action of adrenaline 
after repeated doses of isuprel or butanefrine. This could be related to 
the fact that efedrine, amphetamine and vonedrine reverse the blocking 
action of dibenamine ('); such effect has not been confirmed in this 
paper (fig. 1), probably because different doses have been employed. 
It could be argued that dibenamine blockade would be acting through the 
first stage, i. e., the stage of dynamic equilibrium. Nevertheless, we do 
not think so, because in order, to overcome this objection, these drugs 
were given from 3 hours to 17 hours after the intraperitoneal injection 
of dibenamine, and a priori, it is not possible to conceive such difference, 
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depending on the route of administration, especially if it is considered 
that adrenaline caused hypotension in these animals. 

The effects of other drugs (see table II) after dibenamine —except 
isuprel, that as is well known, maintains its hypertensive action after 
dibenamine (*), and butanefrine, that also has a similar action— are null 
or slightly hypertensive. Those effects —exceptionally hypotensive— 
could be depending on the employed dose, because in order to observe the 
hypotensive action of certain substances like cobefrine, epinine, arterenol 
and neo-synephrine, large doses are necessary. Nevertheless, tyramine, 
amphetamine and paredrine do not cause hypotension, even at doses 
10 to 25 times larger than usual. Results obtained by other investigators 
partly coincide with ours (! "). Such discrepancy could be due to dif- 
ferent anaesthetics used throughout the experiments (11). 


Our results are well explained if it is accepted that dibenamine 
partially blocks both the hypertensive receptor and the hypotensive recep- 
tor with a molecular structure similar and complementary to histamine. 
This possibility extends to any drug that through surface complemen- 
tarity is able to use this hypotensive receptor. This suggestion is rein- 
forced, considering that dibenamine has slight anti-histaminic action (*). 
The great surface complementarity of 2-methylamine-1-cyclopenty]pro- 
pane with the histamine receptor and related substances: tuamine and 
fouramine, explains the hypotension induced by them in spite of dibena- 
mine (*). On the other hand, dibenamine does not modify the hypotensive 
receptor for butanefrine and isuprel, which structure would be related to 
the complementary morphology of n-ter-butyl-cobefrine (*). 


As it was pointed out, adrenaline, cobefrine, epinine, arterenol and 
neo-synephrine induce hypotension because they are specifically linked 
to a receptor of complementary morphology with n-ter-butyl-cobefrine. 
Because these drugs have a structure that allows hypertensive and hypo- 
tensive actions, it is reasonable to ask why adrenaline shows its hypoten- 
sive effect after dibenamine at small doses, and why arterenol and neo- 
synephrine need doses 100 times larger to be hypotensive. The answer 
can be found in the molecular morphology. Adrenaline has better surface 
complementarity than arterenol or neo-synephrine for the hypotensive 
receptor. Therefore, the statistical possibilities to obtain hypotension are 
high if small doses are used. These possibilities are low for arterenol and 
neo-synephrine if used in small quantities for they have less complemen- 
tarity with the hypotensive receptor. In order to obtain hypotension, it 
is necessary to increase their statistical possibilities, which is obtained 
with large doses of the same substances. Theoretical studies show that 
complementarity with the receptor n-ter-butyl-cobefrine follows the se- 
quent order: adrenaline, epinine, cobefrine, arterenol and neo-syne- 
phrine (?). 


SUMMARY AND CONCLUSIONS 


Adult cats were used, anesthetized with sodium pentobarbital given 
intraperitoneally. The effect of some “pressor amines” upon the blood 
pressure of animals previously injected with dibenamine was studied. 
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1) Adrenaline, epinine, cobefrine, arterenol and neo-synephrine may 
induce hypotension after dibenamine, closely depending on the employed 
dose. Other “pressor amines”, either determine slight hypertension or 
do not act at all after dibenamine, with the exception of 2-methylamine-1- 
cyclopentylpropane which may induce hypotension that may be partly or 
completely blocked by an anti-histaminic agent (antistine). 

2) Repeated doses of adrenaline, epinine, cobefrine and neo-syneph- 
rine induce tachyphylaxis to hypotension. Under this condition further 
doses of the substances may induce hypertension. 

3) Epinine, cobefrine, arterenol and neo-synephrine may induce 
hypertension when given after dibenamine. This effect is closely depen- 
dent on the dose. Repeated injections of doses that determine hyperten- 
sion, induce tachyphylaxis to the hypertensive action. Further injections 
then cause hypotension. 

4) After either the hypertensive or the hypotensive responses of 
adrenaline, epinine, cobefrine, artereno] and neo-synephrine have been 
blocked by serial injections of these drugs, a blockade appears to the 
response of any of the others. 

5) Adrenaline, after dibenamine, induces hypertension if injected 
after repeated injections of butanefrine and isuprel, even before their 
hypotensive effects have disappeared because of tachyphylaxis produced 
by them. The same thing happens if epinine, cobefrine and arterenol are 
used after repeated injections of butanefrine and isuprel. 

Specificity of these phenomena is interpreted through surface com- 
plementarity of the drugs with certain cellular receptors, following a 
similar line of thought with Pauling’s ideas in the field of antigen- 
antibody formation, It is concluded that: 1) Butanefrine, isuprel, adre- 
naline, epinine, cobefrine, arterenol, and neo-synephrine occupy the same 
hypotensive cellular receptor in the vascular territory. 2) Dibenamine 
blocks: a) partially the hypertensive cellular receptor for the so called 
“pressor amines”. b) Partially also, one of the cellular receptors in the 
vascular territory, where some of these amines are linked to cause hypo- 
tension. c) It does not block the hypotensive receptor where butane- 
frine, isuprel, adrenaline, epinine, cobefrine, artereno] and neo-synephrine 
act when they determine hypotension. 

REFERENCES 
) Coret, I. A.: Proc. Soc. exper. Biol., N. Y., 1948, 68, 553. 
) CroxaTtro, R., Hurposro, F.: (To be published). 
8) Ever, U.S. v.: Acta Physiol. Scand., 1948, 16, 63. 
) Hutposro, F., Croxatto, R.: (To be published). 
) Hutosro, F., CroxatTo, R., ALLENDE, J., DEL Rio, J.: Acta physiol. Lat. 
Amer., 1951, 1, 91. 
(6) NICKERSON, M.: Pharmacol. Rev., 1949, 1, 27. 
(7) NIcKERSON, M., GoopMAN, L. S.: J. Pharmacol. exper. Therap., 1947, 89, 167. 
(8) NICKERSON, M., GOODMAN, L. S.: Feder. Proc., 1948, 7, 397. 
(9) PAULING, L.: Bull. Soc. Chim. Biol., (Paris), 1948, 30, 247. 
10) WARREN, M. R., Brown, J. S., Woopsurry, R. A.: J. Pharmacol. exper. 
Therap., 1950, 98, 34. 
(11) West, G. B.: Brit. J. Pharmacol., 1949, 4, 63. 
(12) WINDER, C. V., ANDERSON, M. M., ParRKE, H. C.: J. Pharmacol. exper. 
Therap., 1948, 93, 423. 


THE CARDIAC OUTPUT IN DIFFERENT STAGES OF 
CHRONIC COR PULMONALE 


ALBERTO C, TAQUINI AND JOSE M. GONZALEZ FERNANDEZ 


(Centro de Investigaciones Cardiolégicas, Fundacion 
Virginio F. Grego. Azcuénaga 985, Buenos Aires - Argentina) 


C HRONIC cor pulmonale, due to the respiratory and circulatory chan- 
ges that accompany it, and to the concomitant alterations in the 
blood, opens up a most interesting field of research, that of the study 
of the various mechanisms which the body brings into play as a means 
of adaptations, and also that of the interpretation of the myocardial 
insufficiency superimposed on some of these cases. 

The respiratory and circulatory changes have been widely studied 
by other workers. ‘The determination of cardiac output, using indi- 
rect methods derived from the Fick principle, has given inconclusive 
results. Whereas Ayerza et al (*) and Arrillaga et al (1) found normal 
values, Cossio et al (®) and Capdehourat (*°) found the cardiac-output 
to be low in cases of chronic cor pulmonale. These discrepancies might 
be explained by the different degree of cardiac alteration. Taquini and 
co-workers (2°) using the methed of Grollman found the cardiac output 
to be normal or reduced, according to whether the patient was in heart 
failure or not. 

Interest in this aspect of the problem has been recently renewed by 
the introduction of cardiac catheterization (7). By means of the direct 
Fick method Richards (2) observed the cardiac output to be normal 
in his six. cases in cardiac faflure. Howarth et al (#4) studying 14 pa- 
tients in heart failure found the cardiac output to be normal in those 
with normal blood pressure, and reduced in those with systolic pres- 
sures under 90 mmHg, and which followed a rapidly downhill course. 
Ferrer et al (**) found the cardiac output to be either high or low in 
patients with congestive failure, and normal in cases without failure. 

Examination of the case records of these different authors reveals 
that the patients studied were by no means similar if considered from 
the point of view of their respiratory function and of the blood changes. 
Therefore, it seems logical that these results are not directly compara- 
ble, nor can they be extended to cover all cases of chronic cor pulmonale. 

The present study was undertaken with this in mind. A group 
of patients suffering from chronic cor pulmonale was selected in such 


| 
4 


CARDIAC OUTPUT IN COR PULMONALE 201 


a way as to cover the different types of respiratory changes which form 
an important part of this clinical syndrome. 


METHODS OF STUDY 


All investigations were carried out with the patient in as satisfac- 
tory basal conditions as possible. Great care was taken in this respect, 
the patient being trained the day before in the various experiments 
to be carried out, in what might be termed a “dress rehearsal’. Pre- 
vious controls were made of the heart rate, pulmonary ventilation and 
oxygen consumption. 

The cardiac output was measured by the direct Fick method. Mixed 
venous blood was obtained from the pulmonary artery by cardiac cathe- 
terization (8.11). The arterial blood samples were obtained by means 
of an in-dwelling needle in the femoral artery. After satisfactory basal 
conditions were procured, samples were taken from these two sites, 
so as to determine the arterio-venous oxygen difference. The oxygen 
consumption was measured simultaneously by collecting the expired air 
in a Douglas bag during periods of 4 or 5 minutes. 

The blood samples were subjected to gas analysis by means of the 
Van Slyke-Neill apparatus (22:15), All determinations were done in 
duplicate, the greatest difference between the two readings being 0.2 
volumes per cent for the oxygen determinations and 0.5 for carbon dioxi- 
de. The arterial blood oxygen capacity and alcaline reserve were measu- 
red by means of the tonometric method ('5). The arterial and venous 
blood oxygen saturation and the pH: of the mixed venous blood were 
calculated from the above data. The oxygen pressure of the mixed 
venous blood, corrected for the pH:, was taken as a measurement of 
the mean tissue oxygen tension. According to Dill (personal commu- 
nication) a difference of one unit in pH. produces a corresponding va- 
riation of 0.479 in log pOz. 

The values obtained by Cournand and associates (*) among normal 
subjects for cardiac output and AV oxygen difference were accepted 
as normal controls, in view of the fact that the same techniques were 
used by us. The mean cardiac output in litres per minute per square 
meter of body surface, cardiac index : 3.12 litres o+0.40, the range 
being 2.12 and 4.01; the average normal value for the AV oxygen 
difference being 4.5 volumes per cent «+0.7, with extreme values of 3.5 
and 6.0 volumes per cent, The data given by these same authors were 
used to calculate the mean oxygen tissue pressure, finding a normal 
value of 36.5 mmHg o+3.77, with a range of 24.0 to 46.5 mmMg. 

Using the tonometric method, Robinson (*4) found the average nor- 
mal value for the arterial oxygen saturation of subjects between 40 and 
60 years of age to be 93 per cent, with extreme values between 90 and 
97 per cent. Investigations carried out by Roughton et al (75) question 
the exactitude of this method, but as in the present study the same 
technique was used, the results are deemed to be comparable, 
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The investigations were carried out in 17 patients with chronic cor 
pulmonale. The diagnosis was based on the co-existence of chronic lung 
disease of long standing with indirect signs of pulmonary arterial hyper- 
tension and of right ventricular hypertrophy (71). The presence of 
other types of heart disease, such as coronary, hypertensive or valvular, 
was excluded in every case. 


Extensive respiratory studies were performed in each patient so 
as to be able to establish the degree of respiratory failure. They con- 
sisted in the determination of the lung volume, serial alveolar air, ven- 
tilatory efficiency and the arterial oxygen saturation. 

The patients presented in this report were divided into two major 
groups: I - patients with chronic cor pulmonale without cardiac failure, 
II - chronic cor pulmonale in cardiac failure. 


The first group consisted of 11 patients with chronic cor pulmo- 
nale in which the presence of heart failure could be definitely ruled 
out by the history and by the results of the examination, with the 
exception of one case, L.O.D., who had experienced a bout of heart 
failure one year previously, but who had been able to lead an active 
- life without signs or symptoms thereafter. The arterial oxygen satu- 
ration in this group ranged between 68.2 and 94.3 volumes per cent. 
Three of these patients were studied more than once, two of them 
under widely different circumstances as regards the degree of arterial 
anoxemia. 


The second group consisted of 6 patients with chronic cor pulmo- 
nale in cardiac failure. In this group there were two types of patients: 
those in which the heart failure was of a chronic nature and in which 
the underlying lung disease and the degree of anoxemia was relatively 
stable, and those in which the appearance or the accentuation of the 
cardiac failure was dependent on the appearance of an acute phase of 
the pulmonary disorder, with a concomitant acute anoxia. The first 
of these sub-groups will be refered to as that of chronic cor pulmonale 
with chronic heart failure and the second as chronic cor pulmonale 
with transient “sub-acute” heart failure. One of these patients J.T.D. 
was studied twice, at different times in thé course of his illness, and 
therefore appears in both these sub-groups. 


RESULTS 


Group I1.—Chronic cor pulmonale without cardiac failure. The 
results of the study of this group of patients are summarized in ta- 
ble I and represented in fig. 1. The cardiac output was found to be 
increased in some cases and normal in others. This discrepancy was 
also observed in the cases which were studied in more than one occasion. 
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According to whether the cardiac output was within normal limits 
or increased the following sub-groups will be considered in the 
interpretation of the results: a) chronic cor pulmonale wit::out heart 
failure and with normal cardiac output (fig. 1). 
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Fic. 1. — Chronic cor pulmonale without heart failure. The lined area represents 
the normal variations of each function under consideration. The horizontal line 
that runs across it is the average value. The figures indicate the value found in 
each determination. The dots represent patients with normal cardiac output. 
Rhombs, patients with high cardiac output. 


The arterial oxygen saturation ranged between 85.0 and 94.3 per 
cent and the oxygen capacity of the blood between 17.6 and 30.3 vo- 
lumes per cent. The AV oxygen difference and the tissue oxygen ten- 
sion were found to vary within normal limits, the latter showing an 
average of 34 mm Hg; b) Chronic cor pulmonale without cardiac failure 
with increased cardiac output (fig. 1). The oxygen saturation varied 
from 68.2 to 80.3 % and the capacity from 27.5 to 30.5 volumes per cent. 
The AV oxygen difference was lowered, having been found to be below 
normal in all the cases studied. The tissue oxygen pressure was within 
normal limits, average 33 mm Hg. 


Group II. — Sub-group a): Chronic cor pulmonale with chronic 
cardiac failure. These findings are summarized in table II. The oxygen 
saturation ranged between 56.5 and 83.8 and the capacity between 19.3 
and 24.7 volumes per cent. The values for the AV oxygen difference 
were all at or over the upper limits of normal. The tissue oxygen tension 
was below normal in all cases. The cardiac output was found to be 
within the lower normal limits in all cases but one, in which there 
was a marked increase in oxygen consumption. Sub-group b): Chronic 
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cor pulmonale with “sub-acute” heart failure (table III). The arterial 
oxygen saturation varied between 44.3 and 52.8 per cent and the oxygen 
capacity between 22.0 and 25.2 volumes per cent. The AV oxygen dif- 
ference was reduced with a high cardiac output in two cases; in the 
remaining case these values were within normal limits. The tissue oxygen 
tension was found to be lowered in all three cases. 


DISCUSSION 


These results show that no uniform pattern can be traced for the 
behaviour of the cardiac-output during different periods in the course 
of chronic cor pulmonale. The existence of varying degrees of anoxemia, 
the different blood changes and cardiac findings make it necessary to 
analyse each one of these variants in each group or each case, so as to 
be able to interpret the results. 

Following this criteria, the results will be analysed first of those 
cases of chronic cor pulmonale without heart failure, ard afterwards 
of those in cardiac failure, trying to establish which are the more fre- 
quent courses followed by cor pulmonale from the functiona] point of 
view. 


Chronic cor pulmonale without heart failure. — From the re- 
sults obtained in these cases it would appear that the cardiac output 
may be either normal or raised, not cnly in the comparison between dif- 
ferent cases, but in the same case at different periods. It is also appa- 
rent that in this heterogenous group considered from the point of view 
of the respiratory and circulatory changes and also from that of those 
of the blood, the oxygen pressure of the tissues behaves in a uniform 
manner, that is, it remains normal, This shows that in this group the 
changes in each case have been such as to allow the venous capillary 
blood to maintain a normal pOsz, in spite of the wide variations of the 
arterial oxygen tension. This is seen in fie, 2, the oxygen tension of the 
arterial and mixed venous blood of each case appears in the same 
vertical line, and it can be seen that the progressive decrease in the 
arterial oxygen pressure is counterbalanced in the oxygen tension of 
the mixed venous blood, which is maintained within normal limits in 
all cases. This is also clearly seen in cases J.I., and J.M.G. in which 
the oxygen tension of the tissues varied extremely little in spite of 
the variations of the arterial oxygen pressure, which in one case, J.M.G., 
was quite significant. The oxygen saturation of the mixed venous blood 
or its equivalent, the oxygen tension, can be considered to be due to 
three variable factors: the arterial oxygen saturation, the oxygen ca- 
pacity of the blood and the AV oxygen difference. 

It is to be noted that in this group the oxygen saturation of the 
venous blood remained within normal limits, notwithstanding the wide 
variations of the saturation of the arterial blood. Therefore, it is evident 
that the modifications of the oxygen capacity of the blood and/or the 
AV oxygen difference have made possible the maintainance of a normal 
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supply of oxygen to the tissues, in spite of the arterial anoxemia. Exa- 
mining the serial changes in cases P.P. and J.M.G. one arrives at the 
same conclusion with respect to the individual cases. 

With this fact in mind, let us examine the results of the first sub- 
group, with a normal cardiac output. 

Patients D. F. and M. P. showed a normal arterial oxygen satura- 
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Fic, 2.—Chronic cor pulmonale without heart failure. The upper shaded area 
represents the normal] arterial pO,, the lower area, the normal tissue pQ,. 
Vertical arrows represent the A-V decrement of the pO» in the blood in each 
case. Note that in spite of the progressive decrease in the arterial pO», the venous 
pO, is maintained within norma] limits. 


tion and capacity, so that with a normal AV oxygen difference the oxygen 
pressure of the tissues also remained normal. The other cases showed 
a moderate degree of anoxemia and an increase in the oxygen capacity 
of the blood; in these cases it can be considered that with a normal AV 
oxygen difference the tissue oxygen tension was maintained within 
norma] limits (average 34 mmHg.) due to the slight increase in the 
oxygen capacity of the blood. 

In the second sub-group, with a high cardiac cutput the anoxemia 
was more marked, the capacity of the blood was increased and the AV 
oxygen difference was reduced. 
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Analysing these results, it is apparent that an increase in the capa- 
city of the blood alone, with a normal AV oxygen difference, would ne- 
cessarily have brought about a reduction in the oxygen tension of the 
tissues, average 30 mmHg. However, in the presence of a low AV oxy- 
gen difference the tissue oxygen tension was found to be 33 mmHg., 
which is practically the same as that found in the first sub-group, fig. 2. 
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Fic. 3 (left). — Diagram showing the circulatory and blood changes in successive 
examinations of patient P. P. 
Fig. 4 (right).— Diagram showing the circulatory and blood changes in successive 


examinations of patient J. M. G. 


These conclusions find further proof in the results obtained in 
serial examinations of patients P. P. and J. M. G., in whom the cardiac 
output was alternately found to be normal and increased. In the first 
of these cases, fig. 3, it can be seen that the wide variations in the arte- 
rial oxygen pressure is not reflected in the oxygen pressure of the venous 
blood, which remained practically unchanged. As the arterial saturation 
increased, the AV oxygen difference became higher with a lowering of 
the cardiac output; this shows that at the time of the first examination 
of this patient the oxygen tension of the tissues was maintained at 37 
mmHg due to the increased capacity of the blood and to the reduction 
of the AV oxygen difference, whereas at the time of the second exami- 
nation, with a lesser degree of anoxemia the increased capacity alone 
was sufficient to maintain a normal] supply of oxygen to the tissues. As 
there was no necessity for the AV difference to be reduced the cardiac 
output at this time returned to normal limits, 

The results obtained in the examinations of the patient J. M. G. 
show similar variations to those of the previous case, fig. 4. As the 
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oxygen saturation of the arterial blood increased the AV oxygen diffe- 
rence increased with consequent lowering of the cardiac output. At the 
time of the third catheterization the patient was suffering from an 
acute exacerbation of his pulmonary disorder which had brought about 
a marked increase in the degree of anoxia with a sharp reduction in 
the saturation not compensated by an increase in the capacity of the 
blood. At this time the cardiac output was found to be high with a’ re- 
duction in the AV difference. This case shows that when the anoxia is 
acute it is unaccompanied by an increase in capacity, at least of adequa- 
te degree, due to the rapidity with which the anoxia appears. In some 
cases the increased capacity becomes more apparent as the anoxia dis- 
appears, so that it is possible to see a more or less normal degree of 
saturation coincide with an increased capacity. This is due to the fact 
that the modifications in the arterial saturation brought about by pul- 
monary diseases appear and disappear much mere rapidly than the 
changes in capacity. This is one of the reasons that makes the correla- 
tion between the arterial saturation and the blood capacity so difficult. 

An analysis of these various facts favours the interpretation that 
the increase in the oxygen capacity of the blood as well as the increased 
cardiac output with its concomitant reduction in the AV oxygen diffe- 
rence are means which the body brings into play to compensate the ano- 
xemia determined by chronic cor pulmonale diseases. It is evident that 
the oxygen tension of the tissues remains normal in chronic cor pulmo- 
nale without heart failure. This is possible, even in the presence of con- 
siderable degree of anoxemia by an increase in the oxygen capacity of 
the blood and/or an increase in cardiac output. 

It is important to note that a high cardiac output is not exclusively 
found in cases of chronic cor pulmonale in cardiac failure. It appears in 
cases with no evidence of insufficiency, and is dependent on the degree 
of arterial anoxemia and whether this anoxemia is compensated or not 
by an increase in the oxygen capacity of the blood. 

Based on these findings we have classified chronic cor pulmonale 
without heart failure as follows: 


Chronic cor pulmonale 


Without anoxemia | (normal cardiac output). 


| Moderate, compensated by changes in the blood (normal c.o.). 


With anoxemia j Marked, not compensated by changes in the blood (high c.o.). 


The anoxemia is considered to be fully compensated by changes in 
the blood when the increase in the oxygen capacity is sufficient to main- 
tain a normal] vO:. 
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Any one patient can be found to correspond to these different ca- 
tegories at different times in the evolution of his illness. 


Chronic cor pulmonale in chronic heart failure. — The conclusions 
arrived at in the previous paragraph facilitate the interpretation of the 
changes in cardiac output in this group of cases. We shall now consider 
the changes brought about by the appearance of heart failure. 
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Fic. 5.— Diagram showing the results obtained in case O. A. This patient was in 
chronic heart failure and from the hemorespiratory point of view had a moderate 
compensated anoxemia. 


The results obtained in this group are analyzed in accordance with 
the criteria set down above. 


In only one of these cases (0.A.) could the anoxemia be considered 
to be compensated by the increase in the capacity of the blood. This case 
(fig. 5) had a low cardiac output, the AV oxygen difference was high and 
the pOz of the tissues was below normal limits. In the group without 
heart failure and with similar hemorespiratory changes (fig. 1), the 
cardiac output, AV oxygen difference and the pOz of the tissues were 
found to be within normal limits. From the comparison of these two re- 
sults it can be inferred that the appearance of cardiac failure in chronic 
cor pulmonale with a moderate degree of anoxemia or compensated by 
an increase in the oxygen capacity of the blood, brings about a fall in 
cardiac output, similar to that seen in the heart failure secondary to 
valvular, coronary, hypertensive heart disease, etc. This constitutes a 
form of chronic cor pulmonale with low-output heart failure. 

The remaining cases in this group (fig. 6) showed the AV oxygen 
difference to vary around the upper limits of normal, in one case frankly 
increased, the cardiac output to be within normal limits in all except one 
case in which it was reduced (the cardiac index exceeded the normal 
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average in only one instance, and in this case the oxygen consumption 
was surprisingly high). From the point of view of the blood changes, 
these cases can be considered the equivalent of those of the previous 
group with anoxemia not compensated sufficiently by an increase in 
the oxygen capacity of the blood (fig. 1). By comparing the results of 
these two groups it appears likely that the heart failure has brought 
about a reduction in cardiac output, which on account of being previously 
high, still remains within normal limits. The presence of heart failure, 
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Fic. 6.— Chronic cor pulmonale with chronic heart failure. 


although not demonstrable by the isolated determination of cardiac out- 
put, is clearly shown as regards the oxygenation of the tissues, as the 
oxygen tension of the mixed venous blood was low in all cases. It seems 
logical therefore to consider that the cardiac output of each individual 
case is the final result of the interplay of two main factors, one of which, 
anoxemia, tends to raise it and the other, heart failure, to lower it. 


Chronic cor pulmonale with transient, “sub-acute” heart failure. — 
The results in these cases (fig. 7) can be interpreted in the same way. 
In view of the fact that all the cases showed a high degree of arterial 
anoxemia not compensated by changes in the blood capacity, it was to 
be presumed that in the absence of cardiac failure there would be a fairly 
large increase in cardiac output, which would be correspondingly redu- 
ced with the apparition of failure. Thus the cardiac output would be 
insufficient for the actual needs of the body, notwithstanding the fact 
that the actual values could be within normal limits. The greater or 
lesser degree of failure would explain the fact that in falling from pre- 
viously high values, the cardiac output could still remain either above 
the normal average, patients A. R. and J. T. D., or within normal limits, 
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J.P., respectively. Extreme degrees of cardiac failure would still furt- 
her reduce the cardiac output, to well below normal. The cases reported 
by Howarth and coworkers ('*) and by Ferrer et al. ('?) belong to this 
group, and their results are similar. 

This interpretation of the facts is further enhanced by the results 
obtained in case J. T. D. This patient was studied twice, once in a state 
of chronic heart failure and a second time coinciding with an acute exa- 
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Fic. 7.— Chronic cor pulmonale with transient “sub-acute” heart failure. 


cerbation of his pulmonary disease which had brought about a marked 
degree of anoxia. The results can be seen in fig. 8 from which it is appa- 
rent that similarly to what occurs in the absence of cardiac failure, a 
sudden increase in the anoxemia can determine a relative increase of 
the cardiac output even in the presence of failure, Analysing the results 
of these two examinations, it is surprising to find such little difference 
in the degree of saturation of the mixed venous blood, 45.1 and 40.9 % 
respectively, in comparison to the marked variation in the arterial satu- 
ration, 70.0 and 52.8 %. Thus the oxygen tension of the tissues was ma- 
intained fairly constant, in a similar manner as to what was observed 
in cases of chronic cor pulmonale without heart failure. This was also 
seen to be the case in the other patients who were examined more than 
once (A. J.D. and J. M.). However, the small number of cases and the 
complicated nature of the factors involved, prevent any further conside- 
rations in this respect. 

The interpretation of the mechanism of the heart failure itself is a 
complex problem. It appears probable that apart from the pulmonary 
hypertension, the anoxemia and the increase of the work demanded of 
the heart by the increase in cardiac output, there exists other factors 
whose participation is as yet undetermined. 
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The heart failure of chronic cor pulmonale is not entirely “high- 
output” heart failure. We have shown that depending on the degree of 
anoxemia, the cardiac output can be either high, normal or reduced, and 
that notwithstanding a marked degree of anoxemia, in the final stages of 
failure, the cardiac output can be seen to be extremely low. Based on 
these considerations we have classified chronic cor pulmonale with heart 
failure as follows: 


With moderate anoxemia 


Chrenic and L di 
oor with adequate compensation 
(increase in blood capacity) * 
pulmonale 
slight or moderate { high cardiac output 
with With marked ano- degree of heart 
cardiac xemia and failure normal cardiac output 
ailure i 
pensation. — sm of } low cardiac output 


A given case can be in either one category or another at different 
times due to changes in the degree of anoxemia and/or heart failure. 

Based on these relationships it can be inferred that the variations 
of the cardiac output can be explained by the metabolic necessities of the 
body, and that the ulterior motive of these variations is the mainta- 
inance of an adequate supply of oxygen to the tissues. 

How these changes in cardiac output are brought about is a pro- 
blem as yet unresolved. Some workers believe that the hypervolemia is 
directly responsible for the increase in cardiac output (*). We do not 
consider this to be the primary mechanism involved, notwithstanding 
the fact that hypervolemia is generally present in chronic cor pulmonale 
and that a relation exists between it and the degree of anoxemia (7°, ®). 

The hypervolemia of these cases, as that seen in persons living at 
high altitudes, which is also related to the degree of anoxemia present 
(°°), may exist whether the cardiac output is raised or not. This is 
proved by the fact that subjects submitted to low oxygen pressures, 
such as altitude, are found to have a high cardiac output at first, and 
that as the compensating hyperglobulia and hypervolemia develops, the 
cardiac output descends to normal level (1%, 2). In a similar manner it 
can be seen that in cases of chronic cor pulmonale with a moderate de- 
gree of anoxemia, studied by Taquini and co-workers (*"), in which an 
adequate tissue oxygen tension is maintained solely by means of an 
increase of the oxygen capacity of the blood, the cardiac output is with- 
in normal limits in spite of the hypervolemia which is present. 

It should also be pointed out that the hypervolemia of chronic cor 
pulmonale, like that of other chronic types of anoxia such as congenital 
heart disease, altitude, etc., is due mainly to an increase in the red ceils. 
All the chronic hyperglobulia are accompanied by hypervolemia for 


* This type is very rarely seen; in the absence of anoxemia the heart failure is 
generally due to some other associated heart disease, such as coronary, hyperten- 
sive, etc. 
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some as yet unknown reason, whether the cardiac output be high, as 
in chronic anoxia of marked degree, or whether it is normal as in cases 
of chronic anoxia compensated by an increase in the blood oxygen capa- 
city, or in cases of polycethemia vera (°°), 
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lig. 8.— Diagram showing the blood and circulatory changes in successive determi- 
nations carried on in patient J.T. D. 


That the anoxia is a principal factor in the production of an increa- 
sed cardiac output, whether it be independent or not of the presence of 
hypervolemia, finds further proof in the results of acute experiments: 
breathing of low oxygen mixtures (“), low-pressure chambers (7%. 7%), 
carbon monoxide poisoning ('°) in all of which the cardiac output is 
found to be elevated, and which can hardly be explained as due to hy- 
pervolemia in face of the lack of time for this to deve'op. On the other 
hand, this increase in cardiac output could be explained by an alteration 
in the relation between the blood volume and the vascular bed (1%, 18). 

This hypothesis would also apply to such conditions as anemia 
(*7,4), hyperthyroidism (2°), in which the increased cardiac output 
could certainly not be attributed to an increase in blood volume. 

Nevertheless, apart from the hypervolemia which accompanies the 
increase in cells, in all probability there exists another, ulterior increase 
in volemia in advanced cases of chronic cor pulmonale as in other types 
of severe anoxia. Whether this increase in blood volume constitutes a 
mechanism which tends to maintain the high cardiac output, and whether 
this additional increase bears any relationship or not to that which appears 
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in cardiac failure with low cardiac output, and if it represents a mecha- 
nism of adaptation or of failure of the body, is a problem which wa- 
rrants further elucidation. 


SUMMARY AND CONCLUSIONS 


1. - The results obtained in the study of a group of 17 cases of chro- 
nic cor pulmonale, with and without heart failure are reported. The degree 
of anoxemia observed in these patients varied widely. Determinations of 
cardiac output were made by means of the direct Fick method. 

2. - The cardiac output was found to be either normal or high in 
cases without heart failure. In spite of the wide variations of the arterial 
oxygen pressure, the tissue oxygen tension was found to be normal in 
all cases. This could be explained by a) the fact that in the group with 
the normal cardiac output the anoxemia was slight in degree or other- 
wise was compensated by an increase in the oxygen capacity of the 
blood; b) in the group with a high cardiac output and with a marked de- 
gree of anoxemia, by the joint action of the increase in the capacity of 
the blood and the reduction in the AV oxygen difference. 

3. - The authors consider that the body tends to compensate the 
anoxemia by increasing the oxygen capacity of the blood and/or redu- 
cing the AV oxygen difference, 

4, - In cases in heart failure the cardiac output was found to be 
either high, normal or low. The behaviour of the cardiac output in these 
cases is analyzed and compared with the results obtained in similar 
groups but without heart failure from the point of view of the respiratory 
and blood changes. 

5. - The cardiac output is considered to be the result of factors that 
tend to raise it (lack of compensation by the blood of the existing anoxe- 
mia), and of factors that tend to lower it (cadiac failure). Although 
the cardiac output may be above or within normal limits, it may still 
be insufficient for the actual needs of the body. This is evidenced by the 
fact that all the cases in heart failure had a low oxygen tension in the 
tissues. 

6. - A classification of chronic cor pulmonale is presented, based 
on the foregoing results. 
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THE FACTORS INVOLVED IN THE MAINTENANCE 
OF THE OXYGEN TENSION OF THE TISSUES IN 
PATIENTS WITH CHRONIC COR PULMONALE 


ALBERTO C. TAQUINI Y JOSE M. GONZALEZ FERNANDEZ 
(Centro de Investigaciones Cardiolégicas, Fundacién Virginio F. Grego. 


Azcuénaga 985. Buenos Aires - Argentina) 


Anatyzine a series of patients with anoxemia due to pulmonary di- 

sorders one reaches the conclusion that the body tends to compensate 
this anoxemia, from the point of view of the oxygenation of the tissues, 
by means of two principal mechanisms, namely: by increasing the oxy- 
gen capacity of the blood and/or by increasing the cardiac output 
(4,2,°5). This is similar to what happens in other types of anoxemia, 
such as at high altitudes. However, the study of the variations of these 
factors in a group of patients (‘) did not support this interpretation. 

This lack of correlation between these two factors, considered se- 
parately in a small number of cases, can be explained by the relatively 
wide margin of the normal values fcr the AV oxygen difference when 
it is considered in a group of subjects, together with the fact that the 
interpretation refered to above implies a relationship between more 
than two variables (*) : the arterial saturation, the AV oxygen difference 
and the capacity of the blood. 

With the object of circumventing the obstacle created by the nor- 
mal variations of different functions when they are studied in a group 
of subjects, it is our intention in this paper to try and analyze the in- 
dividual variations of these functions, as they appear in successive stu- 
dies of patients with pulmonary anoxemia without heart failure. 

The material on which this study is based has been taken from a 
group of patients with chronic cor pulmonale studied by cardiac cathe- 
terization (* 75). The technique employed figures in these papers. 


THEORETIC CONSIDERATIONS 


With a view to establishing which are the factors that participate 
in the maintainance of the oxygen tension of the tissues, the theoretical 
relations existing between the arterial oxygen saturation, the oxygen ca- 
pacity of the blood, the AV oxygen difference, the pHs of the venous 
blood and the value of the mean oxygen tissular tension, are described. 
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Let us first consider the problem supposing that the pHs were cons- 
tant. Assuming its existence the relation in this case, could be expressed 


as follows: 


(1) F (art. sat., capacity, AV O»2 diff., tpO2) = 0 


That is to say, a function, F, between 4 variables, 
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FIGURE 1.— Nomogram showing the relations between the arterial saturation, blood 


oxygen capacity, AV oxygen difference and the pO» of the tissues, at a constant 


pH. of 7.40 for the venous blood. 
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For each fixed value of the parameter tpOz, we would have the 
following relation: 


(2) Fi (art. sat., capacity, AV O» diff.) = 0; for tpO. = i 


A nomogram is shown in fig. 1 in which the functions (7) for va- 
rious values of tpOz at a pHs of 7.40 are represented. 


As each of these relations is modified by an ulterior change in 
pHs, as can be seen in the nomogram in fig. 2, they can be expressed 
in a general form as follows: 


(*) Fix (art. sat., capacity, AV O» diff.) = 0; for 

This relation for a given value for oxygen tension of the tissues and 
pHs, ties up the arterial saturation, the blood oxygen capacity and the 
AV oxygen difference, That is to say that for different degrees of arte- 
rial saturation, if the variations in the system capacity - AV Oz diff. 
constitute the compensating mechanism that tends to maintain the pO: of 
the tissues constant, the relations between these values would be found 
along each line of tpOze =i 


Resolving (*) with respect to the AV Ob» diff: 


* (4) Gix (art. sat., capacity) = AV Oz diff. for poe 


If the body tended to maintain the oxygen tension of the tissues 
constant in spite of the alteration in the arterial oxygen saturation, by 
means of changes in the capacity - AV O: diff. system, the ulterior mo- 
difications of the AV Os: diff. could be predicted with the knowledge of 
the arterial saturation, the oxygen capacity of the blood and the pHs, 
accepting that the individual pOz was known previously. It should be 
noted that this analysis, to be shown graphically, will be made with data 
obtained solely from the arterial blood. The pHs of the venous blood is 
calculated by successive aproximations. 


* (4) has the following analytic expression: 


arterial sat.- venous sat. 
capacity = AV Oz diff. 
100 
venous sat. = g (tp0,) 


where g indicates the relation between the saturation and pO, for the oxygen 
dissociation ctrve corrected for the pHs. 
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Let us now compare the predicted values for the AV O:2 difference 
for each cases with those actually found: 


Predicted Values Found 


Caste Vol % Vol % 
Case P.P. (second study) 4.4 4.2 
Case L.O.D. (second study) 4.4 4.2 
(third study) 2.9 2.8 
Case J.M.G. (second study) 4.6 4.6 
(third study) 0.7 3.8 
Case J.I. (second study) 4.1 3.8 


This aproximation between the predicted values and those actually 
found in each case is even more significant when it is taken into consi- 
deration that the variations are generally as great as 30 %. 


From a scrutiny of the above in can be seen that the relation (*) 
was fulfilled fairly accurately in all cases except one, and justifies the 
interpretation that the arterial insaturation is compensated in these ca- 
ses by the combined action of the variations of the capacity or/and the 
AV oxygen difference. 


This is also shown by the fact that the oxygen tension of the tis- 
sues was maintained within normal limits in all the cases, except in 
the third examination of J. M. G. This third study of patient J. M. G. 
merits special consideration. The compensation at the time was not 
complete, and as this was the only anomalous case, it might be interpre- 
ted that in the absence of heart failure if the theoretic reduction in the 
AV oxygen difference is very great the body is unable to compensate 
completely, as this would necessarily imply too great an increase in 
cardiac output (*). For example in the case under discussion the car- 
diac output would have had to have been 33.8 litre per minute. 


In some cases the increase in the oxygen capacity of the blood may 
be the only mechanism relied on to compensate the anoxemia, as for exam- 
ple the second studies of cases P. P. and J. M. G. in which the AV oxygen 
difference was found to be well within normal limits, the increase in 
the oxygen capacity of the blood alone sufficing to maintain the oxygen 
tension of the tissues unaltered. At other times it was necvsSary to 
complement this increase in capacity by reduction in the AV oxygen dif- 
ference, as was the case at the time of the first examination of case P. P. 
and the first and third examinations of case L. O. D. 


It should be pointed that the AV oxygen difference variations des- 
cribed refer nec only to a reduction in its values but also to an increase. 
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In our cases there were no predicted values above normal. In this res- 
pect the study of patients with different types of anoxia, which will be 
the subject of another publication (*), and the behaviour of the cardiac 
output in cases of polycythemia vera (*) induces one to believe that the 
relation (*) is not fulfilled for AV oxygen differences above normal. 
This leads one to presume that the mechanisms of adaptations implied in 
this variation have an active participation in states of anoxia, increa- 
sing the cardiac output, and not a depressor effect on the circulation in 
conditions of hyperoxemia (similar to the respiratory reflexes which 
arise in the carotid chemoreceptors). 

The changes brought about in the cases referred to above were ca- 
rried out over a period of time lasting not less than a few days and the 
interpretations made refer to gradual modifications in the degree of 
anoxemia. In this respect it should be advanced (*) that the breathing 
of pure oxygen did not significantly change the AV oxygen difference 
in a group of patients with various degrees of anoxia and with a lowered 
AV oxygen difference. 


SUMMARY 


The relations existing between the arterial oxygen saturation, the 
oxygen capacity of the blood, the AV oxygen difference, the pHs of the 
venous blood and the oxygen tension of the tissues are described graphi- 
cally and analytically. This relationship is expressed as a function bet- 
ween five variables. 

As a working hypothesis it is assumed that the variations in the 
system blood capacity- AV oxygen difference is the mechanism which 
tends to compensate the anoxemia, thus maintaining the oxygen tension 
of the tissues more or less unaltered. With this assumption, and based 
on the data obtained from the arterial blood, the variations in the AV 
oxygen difference are predicted in each case and these predicted values 
are compared with those actually obtained by means of cardiac cathe- 
terization. 

Due to the close aproximation of the two values it is concluded that 
within certain margins the anoxemia of these cases is compensated by 
the joint variations of the capacity of the blood and the AV oxygen dif- 
ference. 

The magnitude and direction of these variations are discussed. 
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NORMAS PARA LA PRESENTACION DE TRABAJOS 


Los trabajos deben ser enviados al Jefe de Redaccién del pais de origen. Si no 
existiera Comité Editorial, deberan ser enviados a la Secretaria de Redaccién de Acta 
Physiologica Latinoamericana, Avda. R. Sdéenz Pefia 555, Buenos Aires, Argentina. 
La revista no se responsabiliza por los dafos sufridos por el manuscrito o por su 
pérdida. Se recomienda a los autores conservar una copia completa de los trabajos 
que envien por correo. 

Se aceptan articulos originales inéditos o que hayan sido publicados previamente 
en forma parcial o completa en alguna revista local. 

Los trabajos deberan ser escritos a maquina en papel tamajio carta, no trans- 
parente, a doble espacio y con amplio margen. Las ilustraciones deberén estar nume- 
radas (fig. 1, fig. 2, ete.) y llevar al pie una leyenda clara y concisa. Las foto- 
grafias hechas en papel brillante, nitidas. Los graficos y diagramas, dibujados con 
tinta chia sobre fondo blanco, listos para reproducir. 

Se publicaran trabajos escritos en castellano, portugués, francés o inglés. Los 
que estén escritos en castellano o portugués deberan contener al final un resumen 
en inglés. ‘ 

Las citas bibliograficas se harén en el texto mediante nimeros [p. ej.: algu- 
nos autores (2,15) y en especial Jones (5)] o autores y afio [p. ej.: (Breslauer, 1919) ]. 
Al final del trabajo la bibliografia se ordenaraé alfabéticamente y con numeracién 
progresiva, en el primer supuesto, y alfabéticamente en el segundo. Para las abreviaturas 
de las revistas, etc., se seguiran las recomendaciones del World List of Scientific 
Periodicals. La disposicién de tales citas debe ajustarse a los ejemplos siguientes: 


(1) BrRESLAUER, J. D.: J. Physiol., 1919, 151, 50. 


(2) GoLpBercerR, E.: Unipolar lead electrocardiography. Philadelphia, Lea and 
Febiger, 1947. 


(3) GOmeEz, S. L., Pérez, J. M., L6pez, N. A.: Acta physiol. Lat.-Amer., 1950, 1, 43. 
(4) PArGE, L. M., SCHLENK, F.: Federation Proc., 1950, 9, 212. 


De acuerdo con el caracter del articulo (articulo de conjunto o comunicacién 
original) constara o no el titulo completo de los trabajos citados en la bibliografia. 

Las medidas y simbolos deben expresarse de acuerdo con las recomendaciones de 
la Comisién de Simbolos, Unidades y Nomenclatura de la Unién Internacional de 
Fisica, aprobadas en Amsterdam, en julio 1948 (Ciencia e Invest., 1949, 5, 433). 

Se exponen a continuacién algunas abreviaturas comunes: 


metro litro 1 microgramo 
centimetro centimetro cibico cm 


milimetro milflitro por ciento 
hora 
minuto 
milimicrén gramo ude 


Angstrém miligramo milisegundo 


micrén kilogramo 


Para evitar la confusién derivada de la notacién decimal diferente segin los 
paises, se adopta el punto decimal y se suprime toda notacién entre millares susti- 
tuyéndose rr un espacio: 10 000 (no 10.000 ni 10,000) — 0.90 (no 0,90). 

Se & raran 50 apartados gratis al autor o autores de un trabajo publicado, 
Lo; = ‘e deseen una cantidad mayor deben especificarlo al enviar el original. 
Las ionales seran abonadas por el autor o autores al precio de costo. 
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